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The  Disturbance  of  Cell  Division  Produced  by  X-rays 
at  Various  Stage  of  Development  of  the  Frog 

.  ,  ■  By  , 

V.  h  Kheysina 

Chair  of  Histology  and  Embryology  of  the  Leningrad 

Medical  Institute  Imenl  the  Academician  I.  P.  Pavlov 

One  of  the  first  morphological  signs  of  the  effect  of  ionizing 

radiation  on  differentiated  animal  tissues  is  the  suppression  of  mitotic 
activity  in  them.  Through  the  works  of  Alberti  and  Polltzer  (1923)^ 

G.  S.  Strelln  (1934),  I.  V,  Bychkovskaya  (1956)  and  others  it  has  been 
established  that  in  different  amphibians  X-rays  suppress  mitoses  over 
a  broad  dose  range  (from  2  r).  The  duration  of  suppression  of  mitotic 
activity  is  determined  first  of  all  by  the  magnitude  of  the  dose  used.  Here 
the  age  of  the  organism  and  the  physiological  condition  of  the  tissue  are 
also  of  Importance* 

It  has  also  been  made  clear  that  X-rays  within  broad  dose  limits 
do  not  stop  mitosis  at  definite  phases  of  it,  as  occurs  with  temperature 
influences  and  from  the  effect  of  certain  chemical  substances,  like,  for 
example,  colchicine  (Corliss,  1953),  lithium  (Korovina  and  Dampel’,  1945; 
and  others.  The  mitoses  which  have  begun  before  irradlatlbn  with  X-rays 
continue  after  it  has  been  stopped,  and  the  dividing  cells  go  into  a  resting 
state.  After  irradiation  the  prophases  disappear  first;  then,  the  metapha 
anaphases  and,  last,  the  telophases  disappear.  Therefore,  the  radiation 
suppresses  the  initiation  of  cell  division. 

1 


Itx  connection  with  the  fact  that  in  the  corneas  of  adult  frogs  X-rays 
suppressed  the  mitoses  even  in  a  dose  of  2  r  (Bychkovshaya,  1956)  data 
obtained  by  Ya.  U  Shekhtman  (1934)  and  V.  A.  Blinov  (1950)  with  respect 
to  the  effect  of  large  doses  on  division  in  amphibians  are  of  particulalr 
interest.  According  to  Ihe  data  of  these  authors,  doses  up  to  100.000  r  do 
not  stop  division  in  amphibians.  This  fact  has  made  it  possible  for 
Blinov  to  speak  of  the  insensitivity  of  mitosis  to  irradiation  during  the 
period  of  division.  According  to  our  observations  (Kheyslna,  1956), 
doses  of  10. 000  and  25,  000  r  do  not  stop  division  either,  although  they 
slow  it  and  distort  it  somewhat;  however,  the  embryo  continues  to 
develop  until  the  late  blastula  stage.  It  should  be  pointed  out  that  after 
irradiation  of  fertilized  egg  ceUs  of  amphibians  with  doses  of  10. 000  r 
and  higher  we  could  not  find  any  normal  mitosis  or  chromosomes, 
although  achromatic  spindles  could  be  seen.  Therefore,  with  high  doses 
division  is  carried  out  by  means  of  »'achromosomal"  mitosis,  that  is  by  a 
very  unusual  method.  With  a  dose  of  1. 000  r  no  appe***  apparent 
disturbances  are  observed  in  the  course  of  mitosis,  and  the  division 
proceeded  in  absolute  synchrony  with  division  in  control  non-irradlated 
ova.  Therefore,  whUe  in  differentiated  tissues  a  dose  of  2  r  suppressed 
mitosis,  during  division  in  amphibians  a  considerably  larger  dose  does  no 

any  noticeable  Influence  on  it. 

Beginning  nrlth  the  works  6t  O.  Hertwig  (WU).  a  consUerable  nnmh 
of  observations/ll-,  been  accumulated  which  show  that  the  embryo  at  the 
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early  stages  a^  tibe  £artUli»ed  oytxm  lief  ere  ;l^e  oaset  a|  . 

division  aae  meat  smisMye  te  the  e£t«et  of  radlatlek  oa  the  hmiyi  orgatalstn 

!  Asta  ttrov,  1947;  Siagiii  1954),  By  comparing  the  sensitivity  of  the  early 

stages  of  developmest  and  '’the  insettSitiyity*'  of  mitoses  at1h.e6e  same 

stages  to  t&e  effeet  of  X»rays  a  contkhdiction  arlsesj  yrhich  speaks  for 

'  v  '  period, 

characteristics  of  the  division/  Y*  A.  Blinov  (1954)  attempts  to 

explain  the  insensitivity  of  division  to  irradiation  by  the  specific  nature  of 
:  the  metabolism  at  this  stage  of  development.  . 

H  in  differentiated  tissues  a  reactive  sappyesstok  of  the  initiation 
:  of  ceU  division  is  observedj,  and  If  thia  dees  not<^exi^  during  division^  the 
question  arises  ak  to  how  the  reaction  to  irradiation  Is  changed  during  the 
course  of  ontogeny  vrlth  the  formation  and  differentiation  o|  tissues.  For 
the  purpose  of  explaining  thlS;.  question  several  experiments  were  performed 
Daring  the  winter- spring  pcitod  spawn  was  sdnic  obtained  in  the  laborat 

from  hypophysectomlzed  frogSj,  from  which  embryo s^  of  the  desired 
age  were  cultivated.  For  the  purpose  of  irradiation  the  following 
stages  of  development  of  the  frog  were  utilized:  first  group  — 
month-old  tadpoles  after  hatbhing:  second  group  --  five-to- seven-day 
old  tadpoles;  third—  tadpoles  on  the  day  of  hatching  (within  their 
membranes  and  also  free  of  them);  fourth  -»  the  neurolas.  Two 
series  of  eaqperiments  were  performed  with  the  neurulas;  in  one.  the 
irradiation  dose  was  250  r;  in  the  other^  1. 000  r.  Five  series  of 

4  ^  ^  • 

experiments  with  a  dose  of  1,000  r  w:ere  performed  with  tadpoles  of 
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the  first  to  third  groups.  The  experiments  were  performed  at  room 
temperature  (20-22°  C).  The  irradiation  one  conditions  were  the 
follovsrlng:  voltage  175  kv.  current  15  ma.  distance  from  anode  to 
object,  24  centimeters;  no  filter,  dose  rate  447  r/minute  (RUM-l 
apparatus).;  , 

The  irradiated  and  control  material  was  kept  in  open  crystaUizers 
with  sedimented  water.  Part  of  the  embryos  were  fixed  with  Zenker- 
formol  dfter  irradiation  every  hour  for  the  first  five  hours,  and  then  afte 
24-48  hdurs  and  later.  Observations  were  made  of  the  experimental  anc 
control  embryos,  and  the  times  that  the  embryos  died  were  noted.  From 
the  fixed  material  preparations  were  made.  In  addition  to  sections,  tota 
preparations  were  made  from  the  corneas  and  from  the  skin  of  the  taU  of 

flve^o^even^ay  old  and  older  tadpoles.  The  total  preparations  were  sta 
with  hematoxylin  according  to  the  Yasvo in  method,  according  to  the 
Karachi  method  and  with  alum- carmine.  The  sections  (of  seven 

micron  thickness)  were  stained  with  hematoxylin,  and  part  of  them  were 

treated  according  to  the  Feulgen  method.  , 

In  the  corneas  a  count  was  made  of  the  mitoses  for  the  entire  surfa 
In  the  skin  of  the  tall  the  mitoses  were  counted  for  each  period  in  100 
microscbplc  fields  (ocular  7x;  objective,  oil  immersion,  90x).  The 
mitoses  were  counted  in  50  serial  sections,  whereby  their  numbers  wer. 
recorded  separately  in  four  principal  tissues:  ectodermal  derivatives. 


the  neural  tube,  mesoderm  and  entoderm.  The  control  preparations 

and  sections  were  treated  In  the  same  way  as  the  experimental  sections  and 

at  the  same  time. 


It  was  found  by  observation  that  the  neurulas  immediately  after 
irradiation  were  no  different  from  the  controls,  and  during  the  first/taa  a. 
developed  normally,  but  by  the  fifth  to  seventh  day  the  Irradiated  embryos 
had  already  become  notably  different  from  the  controls  in  their  slze^and 
they  began  to  die  out.  By  the  10th  day  aU  the  experimental  tadpoles  had 

died.  In  the  irradiated  tadpoles  of  the  second  and  third  groups  the 

suppression  of  the  anlagen  of  new  organs  was  observed,  and  the  existing 
organs  continued  to  develop  as  in  the  controls.  The  irradiated^^imals 
were  smaller  than  the  controls.  Tadpoles  of  the  third  group/died  two  wef 
after  irradiation.  Tadpoles  of  the  second  group  began  to  die  out  at  the  ei 
of  the  first  month,  and  they  all  died  at  the  beginning  of  the  second  month. 
Tadpoles  of  the  first  group  proved  to  be  more  resistant  to  the  effect  of 
irradiation.  The  experimental  animals  underwent 


metamorphosis  and  continued  to  live,  for  a  long  time.  They  were  differer 
from  the  control  tadpoles  only  in  a  slight  reduction  in  the  body  size  andi 

A 


their 


f 


degree  of  pigttientatlpxi* 

/  '  ■  ■  ’ 

In  the  study  of  total  preparations  prepared  from  the  corneas  of 


tadpoles  of  the  first  and  second  groups  yre  found,  in  all  cases  beginning 
With  the  first  hour  after  irradiation,  a  reduction  in  the  number  of  noitec 
mitoses  by  comparison  with  the  controls.  Here,  a  perfectly  regular 


reduction  occurred  in  all  cases  in  the  total  number  of  mitoses.  Chiefly 
there  was  a  reduction  in  the  number  of  prophases  and  metaphases 
(Fig.  1). 


Fig.  1.  Change  in  the  Number  of  Mitoses  in  the  Corneal  Epithelium  of 
Tadpoles  on  the  Fifth  Day  After  Hatching  at  Diifferent  Intervals 
After  Irradiation  (Dose  1,  000  r) 

Along  the  ordinate  axis  --  the  number  of  mitoses  as  expressed  in  percen 
.ages  of  -  n 

the  controls.  I  --  prophase,  2  --  metaphase,  3  --  anaphase,  4  -- 
telophase. 


One  or  two  hours  after  irradiation  the  mitoses  are  encountered 
chiefly  at  the  late  stages  •-  ana-  and  telophases.  Four  to  five  hours 
Intxx  after  a  doSe  of  1, 000  r  the  mitoses  disappear  completely  in  the 
corneas  of  the  tadpoles  of  all  the  ages  studied.  After  24  hours  there  is 
a  recurrence  of  mitoses  ih  the  irradiated  corneas,  and  at  this  time  all 
the  phases  of  the  mitotic  cycle  are  sefeh  simultaneously.  Evidently, 


begin  again 

the  mitoses/®*Bnr  before  the  lapse  of  24  hours.  After  48  hours,  seven, 
11  and  28  days  the  mitoses  continue  to  be  observed  in  the  irradiated 
corneas,  but  the  mitotic  activity  does  not  reach  the  control  level. 

In  the  cells  of  the  skin  of  the  tail  the  mitoses  are  suppressed  after 
irradiation,  just  as  in  the  cornea.  The  data  obtained  concerning  the 
suppression  of  mitotic  activity  in  the  corneal  epithelium  and  skin  of 
tadpoles  in  general  coincide  with  similar  results  obtained  by  G.  S. 
Strelln  (1934)  on  older  tadpoles. 

In  the  sections  prepared  from  tadpoles  irradiated  on  the  day  of 
hatching  (group  three)  it  was  found  that  an  hour  after  the  irradiation 
there  was  a  notable  reduction  in  the  total  number  of  mitoses.  After 
three  hours  the  mitoses  disappear  completely  in  the  entoderm  and 
almost  completely  in  the  ectodermal  and  mesodermal  derivatives. 

At  the  same  time,  the  mitotic  activity  in  the  neural  tube  is  maintained 

art  a  high  level.  Four  to  five  hours  after  irradiation  the  mitoses  are 
completely  absent  in  the  ectodermal,  entodermal  and  mesodermal 
tissues,  but  they  are  very  distinct  and  are  maintained  in  considerable 
numbers  in  the  neural  tube  (Fig.  2).  The  normal  interrelationship  in 

the  number  of  mitoses  according  to  their  separate  phases  does  not 
allow  us  to  suppose  that  mitoses  in  the  neural  tube  are  successfully 
completed  and  disappear  after  irradiation.  After  24  hours  the  mitoses 
are  again  observed  in  all  tissues.  Such  data  were  obtained  in  two  para; 
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series  of  experiments.  The  count  of  the  total  number  of  mitoses  which 
occurred  in  the  ecto-  ,  ento-  and  mesodermal  derivatives  shows,  howev 
that  the  mitotic  activity  remains  reduced  by  comparison  with  the  contr*: 


Fig.  2.  Reduction  and  Recovery  in  Mitotic  Activity  and  Derivatives 

of  Various  Embryonic  Layers  in  Tadpoles  on  the  Day  of 

Hatching  and  at  Various  Intervals  after  .Irradiation  (Dose  1, 000 
Along  the  ordinate  axis  -  the  number  of  mitoses  expressed  in  percent, 
of  the  control.  The  designation  of  the  phases  is  the  same  as  for  Fig.  1. 
Ecto,  ento,  meso,  nerve  -  derivatives,  respectively,  of  ectoderm, 
entoderm,  mesoderm  and  the  neural  plate. 


In  preparations  made  from  the  Irradiated  neurulas  (group  four), 
after  one  to  thr^  hours  and  later  mitoses  were  found  in  all  the  embryonic 
layers.  Here,  no  noticeable  reduction  in  mitotic  activity  was  found  eithe. 
after  the  use  of  a  dose  of  250  r  or  after  the  dose  of  1,  000  r  (Fig.  3).  Ti 
cells  of  all  the  embryonic  layers  of  the  irradiated  neurulas  continue  to 
multiply,  and  the  embryos  developed  In  the  same  way  as  in  the  controls. 


1 23<i  f  i3i  123* 

Fig.  3.  Number  of  Mitotic  Figures  in  Absolute  Quantities  in  Various 
Neurula  Layers. 

A  --  in  the  control;  B  --  five  hours  after  irradiation  with  X-rays  in 
dose  of  250  r;  C  —  five  hours  after  the  use  of  a  dose  of  1,  000  r*  The 
other  designations  are  the  same  as  for  Fig.  1  and  2. 

The  data  obtained  sjiow  that  the  relative  "insensitivity"  of  mitosl  f 

to  irradiation,  which  was  established  previously  for  the  stage  of 
segmentation 

in  amphibians,  is  characteristic  not  only  pf  this  stage,  but  is  found  als 
at  later  stages  of  embryonic  development.  The  mitotic  activity  of  cell* 
in  the  neurula  stage  is  not  suppressed  either  by  X-rays  in  a  dose  250 


and  Ij  000  ir,  jiist  as  In  the  stage  of  segmentation.  We  cannot  scbngc  state 
that  the  seiisltlvity  of  cell  division  at  this  stage  of  development  was  not 


increased  hy  comparison  with  the  segmentation  period,  because  we  did  t 


tty  but  the  effects  Of  such  large  doses  aS  were  used  in  the  investigation  o 
■  mitoses  during  the  segmentation  period.  However,  undoubtedly,  the 


sensitivity  of  cell  division  at  the  neurula  stage  is  much  less  than  the 
sensitivity  of  mitoses  in  the  tissues  of  just  hatched  tadpoles  and  adult 
animals.  This,  probably,  can  be  explained  by  the  fact  that  at  the 
neurula  stage  there  is'‘no  tissue  differentiation,  the  cells  of  embryonic 


layers  do  not  possess  'the  capacity  of  reactive  suppression  of  mitoses. 


The  data  presented  do  not  permit  us  to  say  that  sensitivity  of  mitosis 
to  irradiation  duTlng  segmentation  of  amphibians  is  qualitatively 

different  (Blinov,  1950)  from  the  sensitivity  of  mitotic  division  of 
dells  at  othet  stages  of  development.  The  sensitivity  of  mitosis 
to  iirradlatlon  is'  changed  during  the  eputse  of  ontogeny  with  the' 
differentiation  of  embryonic  layers.  The  turning  point  with  respect 
to  the  sensitivity  of  mitosis  during  the  development  of  amphibians  is 
probably  the  onset  of  differentiation  of  the  embryonic  tissues  and  the 


transition  of  it  to  axldwi  adtive  existence.  Therefore,  in  the  tadpole  at 
the  time  of  hatching  the  reactive  suppression  of  mitosis  becomes 
clearly  esepressed,  and  at  the  neurula  stage  it  has  not  yet  occurred, 
with  a  dose  of  1,  OOO'r  at  this  later  stage  of  development  cell  division 


is  not  suppressed  only  in  the  neural  structures  --  the  brain  and  spinal 
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embtyonlt 


l&yej'ffi  a  marked  tttkiblticni 


ottVitM  d*  fibe  Ittitliaitlojii  of  cell  division.  By  the  third  to  fourth  hour  after 

;  haye  disappeared 

Irrkdtatlon  the  ntltosea  is  these  tlsaaes/^Ji«^ffBH«R  completely  and  return 


after  apfkrtoclmately  24  hours.  The  insensitivity  of  the  mitotic  process 
:lh-  nei^e. tissue  Of  frog  1^  tadpoles  at  the  stage  where  they  hatch 

out  Is  associated  with  a  relatively  high  degree  of  sensitivity  of  nervous 


system  organs  which  Is  manifested  In  their  destruction  as  early  as  right 

after  irradiation.  The  particular  sensitivity  of  the  neural  layer  by 

comparison  with  the  others  has  already  been  noted  ( Zavarzin,  Tasvoin, 

Aleksandrov,  Strelln,  W37)5  yre  have  shown  It  kso.  During  segmentation 

In  amphibians  mtboSls  Is  insensitive  to  Irradiation,  and  fee  survival  rate 

ooK  of  Irradiated  embryos  at  this  stage  is  part  icularly  lov?.  According  to 

our  data,  irradiated  neurulas  died  at  shorter  intervals 

older  ,  * 

thaiy^embryos,  although  X~rays  did  not  suppress  mitoses  in  various  embr 


tissues. 

If  we  imagine  that  these  relationships  are,  In  general,  characterlst” 
of  undifferentiated,  embryonic  layers,  selective  resistance  of  the  neural 
layer  (in  early  tadpoles)  wiih  respect  to  the  suppression  of  mitotic  aptlvit 
by  radiation  finds  Its  explanation,  in  the  fact  that  this  layer 
remains  poorly  differentiated  longer  than  tSaseejc  the  others* 

It  is  of  great  Interest  to  clarify  whether  rules  and  regulations 
similar  to  those  which  we  have  described  in  amphibians  occur,  during 
the  course  of  ontogeny  in  the  higher  vertebrates. 


Cottclasions 

1.  After  X-irradlatlon  in  a  dose  of  1, 000  r  the  time  needed  for 
extinction  of  the  embryo  is  detc^rmined  by  its  agej  the  younger  the  stage 
of  development  of  embryo  the  quicker  it  dies. 

2.  In  neurulas  following  Irradiation  the  mitotic  activity  is  malntalne* 

in  all  embryonic  layers, 

3.  In  just  hatched  tadpoles  the  mitotic  activity  is  suppressed  three 
to  four  hours  after  irradiation  in  all  tissues,  with  the  exception  of  the 
neural  tube. 

4.  In  the  comeal  epithelium  and  skin  of  the  tall  of  five  to  seven  anc 
30-day-old  tadpoles  mitotic  activity  is  suppressed  completely  three  hour.‘ 
after  Irradiation. 

5.  Preservation  of  mitotic  activity  in  the  neural  tube  of  the  just 
hatched  tadpole  and  in  all  the  tissues  of  the  neurula  can  be  explained 
by  the  absence  of  a  specific  differentiation,  in  these  tissues# 
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Oytoch.emlstry  of  Sensory  and  Motor  Cells  of  the  Spinal 
Cord  System  of  the  Chio'K  Embryo  In  Connection  with  ■ 
Characterlstloh  of  their  Function  at  Various 
Stases  of  Development 

%  ^  \  ^  ■■  /'  *'■ 

L.  B.  Levinson  and  M.  I.  Leyklna,  Chair  of  Histology 
:  of  the  Cell  Biology  Faculty  of  the  Moscow  University. 

;  Introduction 

Functional  hjstochemicai  and  cytochcmlcal  Investigations  require,  of 

necessity,  the  comprehensive  study  of  the  cell,  which  includes  the  following: 
morphological  investigations,  study  cf  the  tnetabollsm  ind  function. 

At  the  present  time,  in  the  world  of  microscopic  and  ultfamlcroscoplc 
magnitudes  ,  morphology,  physiology  and  biochemistry  arc  so  closely  asso¬ 
ciated  that  the  need  for  a  comprehensive  study  of  the  cell  is  teeing 

recognized  to  a  progressively  greater  extent.  Cytology  Is  gradually 
becoming  a  synthetic  science. 

For  histochemistry  an  IndlsruptJble  association  between  biochemistry  and 
morphology  is  characteristic,  because  the  problem  of  cytochemistry  is  not 
simply  the  stu«3y  of  the  chemical  composition  of  organs,  tissues,  and  cells 
'.ut  rather  the  study  of  the  localization  and  concentration  of  various  chemi¬ 
cal  agents  and  their  qualitative  and  quantlUt.ve  changes  during  the  course 
of  metabolism  in  certain  structures:  the  cells  of  the  organoids.  Inclusions, 
interstitial  substance.  Therefore,  the  hlstochcmlcal  investigation  Is,  to 
great  degree,  a  morphological  Investigation* 

in  order  to  explain  rationally  the  characteristics  of  the  organization 
and  chemical  composition  of  microscopic  structural  elements  of  the  organls. 


*  I 

it  is  necessary  id  establish  their  functions;!  specifications/  Therefore,  the 
main  tasV  of  functional  cyicchemlstry  is  a  study  of  the  rules  and  regulatHona 
associating  the  organixat ion,  metabolism  and  specific  function  of  the  micro** 
scopic  structures  of  the  organism  {Leylnson  and  leykina,  1956) . 

A.  L*  Shabadasfi{ 1958)  also  believes  that  the  ultimate  task  of  the  histo- 
hcmical  investigation  is  the  detection  of  comprehensive  signs  of  the  functional 
.Utes  of  the  cells  and  tissues* 

jistcChemlcal  investiga tion  of  the  nervous  system  is  particularly  impor-* 

^  '  in  ■  '  *  * 

tant,  because  cven^the  smallest  quantities  of  it  which  can  be  subjected  to 

biochemical  Investigation  there  are  many  genetically,  morphologically,  and 

chemically  distinct  neurons,  neureg  11a,  blood  and  lymphatic  vessels,  etc.), 

Isfurnberger  and  Gordon  (1957)  isolated  cell  n  uclei  from  different 

brain  centers  of  white  rats  by  means  of  fractional  ceritrlfugatlon 

and  showed  that  the  number  of  neuron  n  uclei  amounts  to  about  85%  of  the  total 

number  of  nuclei.  In  the  cerebral  cortex  of  the  white  rat,  of  the 

rhesus  monkey  and  man*  where  the  density  of  nerve  cells  is  practically 

of  the 

the  highest  for  the  brain,  the  neuron  n  ucIel  amount  to  only  total 

number  of  n  aciel.  G./.  Rosk/n  (1953-1954)  showed  that  tm^on^ 

ally  different  neurit, th  their  chemicai  composition,  Theat 
data  once  again  show  the  importance  and  necsslty  of  morphological  analysis 
for  the  purpose  of  demonstrating  the  finer  connectAons  between  the  chemical 
composition  and  function. 

The  development  of  functional  biochemistry  of  nerve  tissue  in  labora¬ 
tories  of  the  Academic i^^  A.  v.  Palladin  (1952.1<551i,l05f  ,l957) ,  0.  Y  VUdlmlrov 

Idea  of  the 

,1954)  and  Yc.W,  Kreps  (1952,  1955,  1956)  also  led  to  the/  .  «4irw  need 

for  a  comprehensive  study  of  the  problem. 

The  principal  works  in  the  field  of  functional  histochemistry  and  cyto- 


J 


chemistry  of  nerve  tissue  were  performed  by  A*  L.  Shabadash  (19ii9j  1953#  1957, 
1958),  G.  !•  RosKin  and  others  ( 1953,  i951|,  1958) ,  Vinnikov  and  L*  If.* 

Q 

Titova  (1957, 1958),  V.  V.  Portugal/v  0955),  Hyden  091i3,  19ii.7, 1955) ;  and  ii 

number  of  works  has  been  published  by  us  and  our  co’^workers  ( 19560957,1956)  • 

starve 

For  the  purpose  of  studying  the  functional  histochemistry  of/.  tissue 
the  experimenta  1  method  is  usually  used*  By  one  methed  or  another  {by  means 
of  electric,  sound  and  other  stimuli)  various  portions  of  the  nervous  system 
were  put  into  a  state  of  excitation,  and  then  the  content  and  distribution  of 
various  substances  were  compared,  chiefly  RNA  in  the  nerve  cells  which  were 
in  a  state  of  relative  rest  and  In  a  state  of  excitation  or  fatigue  (Hyden, 
1943,19551  Hambergcr  and  Hyden,  1945,1949;  Bertram  and  Barr,  1949;  Brattgard, 
195lj  Brattgard  and  Hyden,  1954;  Bogoyavlenskly, 1954;  Migunova,  1955, 1956; 
Vinnikov  and  Titova,  1957,1958;  BrodsKly  and  Nechayeva,  1956a). 

The  coffl^aratlvc  method  was  used  by  G.  1*  Roskln  and  others  and  A.  U. 
Shabadas/  (1949)*  They  made  a  study  of  the  concentration  of  a  number^ of 
substances  in  neurons,  which  were  different  in  their  function  and  position 
in  the  nervous  system,  and  showed  that  these  neurons  were  different  from 
one  another  in  their  cytochemlcal  characteristics. 

In  the  present  work  we  decided  to  proceed  along  e  different  route. • 
During  the  course  of  embryonic  development  changes  occur  in  the  function  of 
nerve  cells.  Ktto  (1932,1938),  Windle  and  Orr  (1934)  particularly, 

Volokhbv  (1951,1959)  distinguished  functionally  different  stages  in  the 
embryonic  development  of  a  number  of  vertebrates,  particularly  birds,  which 
can  be  characterized  by  different  types  of  motor  reactions  •  spontane-* 

ous  passive,  spontaneous  active  and,  finally,  reflex.  Simultaneously,  the 
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norphogcncsis  of  the  nervous  syste;n  occurs  alsos  efferant  processes  of  the 
neurons  grow  out  and  reach  the  Innervated  substrate;  at  a  certain  stage  of 
development  reflex  arcs  are  formed,  etc.  The  change  In  the  motor  activity 
of  the  muscles  Is  Inevitably  expressed.  In  the  specific  activity  of  the 
neurons  innervating  them.  Therefore,  study  of  the  cytochemistry 

of  nerve  cells  at  the  turning  points  in  the  development  of  the  nervous  sys¬ 
tem,  when  the  intensity  and  the  nature  of  the  function  of  various  neurons 
change,  can  reveal  the  specific  connections  and  Interrelationships  be¬ 

tween  the  form,  function  and  change  in  the  chemical  composition  of  nerve 
CcHSe 

Material  and  Methods 

We  made  a  study  of  motor  cells  of  the  anterior  horns  of  the  spinal  cord 
;and  the  sensory  cells  of  spinal  ganglia  of  chick  embryos  of  the  white  9 

strain  at  different  stages  of  development. 

The  cervical  portion  of  the  spinal  cord  was  fixed  with  the  correspundln® 
spinal  ganglia.  The  embryos  in  the  early  stages  were  fixed  as  a  whole. 

The  ova  were  developed  in  an  Incubator.  The  following  embryos  were 
these  Of  the  third,  fourth,  fifth,  sixth,  seventh,  eighth,  ninth,  altventh, 
thirteenth,  fifteenth,  seventeenth,  nineteenth,  twentieth,  and  twenty-first 
Jays  of  Incubation  and  a  one-dayold  chick. 

The  localisation  and  distribution  of  DMA  were  studied  (Feut gen  reaction) 

nm  (Brachet).  hi*tldine  (dlato  reaction) .  a  rginlnc  (Serr).  glycogen  (Sh.b- 
adash  reaction),  alkaline  phosphatase  (Oomorl  reaction),  thiol  compounds 
(Chevremont  Frederic  reaction). 

Results 

on  the  fourth  day  of  development  spontaneous  active  movements  of_th« 
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bead  of  tne  ombryo  bccl-i  ( Voliov;  1951 ) .  Apparently,  they  are  caused  by 

buiborat  influences  on  the  motor  cells  of  the  anterior  horns  of  the  spinal 

cord,  which  at  this  time  arc  forroed  fro«  a  mass  of  ncurob lasts  (Ramon 

yCajBl,  1890).  The  statement  by  L.  S.  Gol  •d In  (191*9)  that  at  this 

fern  a  syaplast  is  incorrect; 

groups  of  tBotor  ceHs 

.DParMtly,  ir.,  .ulhor  .ludl.a  s.e-.lons  wM=a  .er.  too  Coll,  of 

•peoUl  aoogll.  ot  thl .  tl..  or.  oot  yet  coon.otoO  .Uh  to.  -otor 

ganglia,  and  the  reflex  arc  has  not  been  formed  as  yet. 

At  this  time,  changes  arc  observed  in  the  content  of  a  number  of  cheml 
cal  substances  in  the  motor  cells.  On  the  third  day  the  concentrtt 
in  the  bipolar  neuroblasU  is  very  great;  their  cytoplasm  stains  diffusely 

1  fourth  dav  concentration  of 

and  very  intensely  with  p  ronine.  On  the  fourth  ay  ^  ^ 

RNA  decreases  considerably.  Dlffere^^  of  ne/ve  cells  in  the  sp  na 

of  the  chick  proceeds  in  a  cepha I o  -caudal  direction.  On  the  fourth  day,  the 
motor  cells  are  differentiated  in  the  anterior  horns  only  in  the  cervical 

'thickening.  They  Innervate  the  muscles  of  the  neck  and  the  anterior 

extrea^ics.  Only  in  these  motor  cells  is  a  reduction  In  the  SNA  concentra- 

tibh  observed.  The  neuroblasts  of  the  anterior  horns  of  the  spinal  cord 

which"  are  slluoted  further  in  a  caudal  direction  still  are  not  carrying  out 

'ahy  special  functions,  and  /  -  reduction  /  the  RNA  concentration  In  them 

occurs  (Fig.  1).  Apparently,  the  onset  of  specific  activity  of  motor  cells 

is  hsibciated  With  the  disintegration  of  RNA,  which  under  these  conditions'  Is 

corresponding 

not  compensated  by  a- /  -  ■  synthesis  (Kedrovskly.  1951) . 


Fig.  1.  Anterior  Horn  of  Spinal  Cord  of  Chick  E»bryo  on  Fourth  Day  of  incabatl 
i-  in  the  cervical  thickening;  2-  In  the  thoracic  portion,  staining  with 
aethyl^green-  pyronlne.  Photographed  in  a  comparlaon  alcreacopc.  Magnifi¬ 
cation  720*. 

Clear-cut  results  were  given  by  the  reaction  for  alkaline  phosphatase, 
on  the  third  day  of  incubation  a  weak.reactlon  was  Observed  only  In  the 
nucleoli;  on  the  fourth  day,  the  black  precipitate  was  very  pronounced  in  the 
form  of  clwnps  and  sws  seen  also  in  the  cytoplasm.  Moog  (1943)  also  found  a 
Change  in  the  activity  of  both  alkaline  and  acid  phosphCtases  in  the  motor 
cells  on  the  fourth  day  of  incubitlon.  Her  data  have  been  confirmed  by  Barron 

and  Mottet,(l9^l). 

At  the  same  time,  the  intensity  of  the  reaction  for  thiol  compounds, 
which  is  expressed  well  in  the  cell  nuclei,  Is  somewhat  intensified. 

in  these  spinal  ganglia,  on  the  fourth  day  of  incubation,  there  are 
no  differentiated  ganglion  cells;  there  are  only  neuroblasts.  No 
changes  occur  in  the  content  and  distribution  of  chemical  substances  in  the 
cells  of  the  spinal  ganglia,  because  the  latter  are  ptlll  not  connected  with 
the  motor  neurons  and  do  not  carry  out  any  specific  functions. 
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The  problem  of  the  nature  of  spontaneous  active  movements  of  the  chick 
ea^ryo  has  given  rise  to  disputes.  Some  authors,  (Windle  and  Orr,  1193^4*) 
lieve  that  spontaneous  active  movements  are  of  a  myogenic  naturej  others 
(Vlsintin  and  Levi -Montale  Ini,  1939j  Volokhov,  1951;  Chtimak^  1958)  believe 
that  they  are  neurogenic,  arising  In  response  to  internal  chemical  agents 
on  motor  nerve  cells  rather  than  on  muscle*  Our  data  show  that 
in  connection  with  the  onset  of  spontaneous  active  movements  of  the  neck  and 
anterior  extremities  in  the  chick  embryo  on  the  fourth  day  of  incubation  there 
is  a  change  in  the  cytochemlcal  characteristics  of  the  motor  nerve  cella,  which 
innervate  the  corresponding  transversely-strlated  muscles,  whereas  In  the 

i»ttrobUsts  located  In  the  thoracic  portion  of  the  spinal  cord  and  srhich  are 
not  as  yet  carrying  out  any  specific  functions  no  changes  are  observed  In 
the  RMA  content  and  in  the  thiol  compo^ds  or  •  In  the  activity  of 

alkaUo*  phospmtas*. 

Finally,  In  the  sensory  nerve  cells  In  the  cervical  portion  which  are 
still  undifferentiated  and  incapable  of  specific  activity  there  are  no 
hlstochemlcal  changes  found.  Therefore,  the  onset  of  spontaneous  active 
movements  are  associated  both  with  morphological  (Ramony Cajal,  .1890)  and 
cytochemlcal  changes  In  the  cells  which  innervate  the  corresp<mding 
skeletal  muscles. 

The  facts  and  considerations  presented  permit  us  to  adhere  to  the 
Idea  of  A.  A.  Volokhov  (l95i)  that  the  nature  of  the  early  spontaneous 
active  movements. of  the  chick  embryo  are  neurogenic. 

An  important  turning  point  in  the  development  of  the  chick  embryo  and 

in  the  functlonlhg  of  the  nervous  system  occurs  on  the  seventh  day  of  - 
development.  All  the  authors  (Kuo,  1932.1938;  1^34; 


. 

Voiokhov,  1951,1959  and  others)  who  studied  the  motor  activity  of  the 
embryo,  point  out  the  fact  that  on  the  seventh  day  of  development  the  first 
reactions  are  observed  to  external  stimuli,  reflex  reactions  appear,  a 
reflex  arc'  Is  formed,  and  connections  are  established  between  the  spinal 
cord  and  the  periphery.  The  tell  processes  of  the  spinal  ganglion  reach 
the  skin,  and  tactile  exteroceptive  pathways  are  formed  (Levl-Montalc Inl 

and  Levl , ‘ 1943) • 

a 

Ud  to  the  svventh  day  of  Incubation  there  is  no  connective  tissue  be- 
.  Psata 

tween  the  nerve  cells  of  the  spinal  ganglion;  after  impregnation  by  the/ 

method  various  fine  retlculin  fibers  are  seen  In  the  embryonic  coMiectlve 
tissues  surrounding  the  spinal  ganglion..  On  the  seventh  day  of  incubation 
the  connective  tissue  begins  to  penetrate  Into  the  ventrolateral  portion  of 
the  ganglion.  The  retlculin  fibers  form  capsules  around  tha  marginal  eeila, 
and  afterwards  the  fibers  pass  between  the  cells.  On  the  eighth  day,  all  tha 
cells  of  the  ventrolateral  portion  of  the  ganglion  are  already  surrounded  by 
retlculin  fibers  and  by  cells  of  embryonic  connective  tissue  (Fig*  2).  There¬ 
fore,  on  the  seventh  day  a  specialisation  of  the  cells  of  the  spinal  ganglion 
and  a  differentiation  of  them  from  neuroblasts  begins. 

On  the  seventh  day  of  development  in  connection  with  the  onset  of  function* 

ing  of  the  reflex  arc  essential  changes  are  observed  In  the  content  and 
distribution  of  a  number  of  chemical  substances  In  the  nerve  cells  along  with 

morphological  changes  of  them. 

in  the  cytoplasm  of  the  motor  and  sensory  cells  the  concentration  of  RNA 
(Fig.  3)  Increases  considerably.  It  should  be  kept  in  mind  that  the  Intensity 
of  the  staining  with  pyronlne  becomes  greater  despite  the  fact  that  between 
the  sixth  and  seventh  day  the  cells  Increase  quite  considerably  In  site. 


Fig.  2.  Splaal  Ganglion  6f  Chick' Easbryo  at  the  Level  of  the 
Cervical  Thickening 

I-  C5n  the  sixth;  2-  On  the  seventh;  3~  On.  the  eighth  day  of 
.  incubation.  ■  i.  . 

Silvering  according  to  the  Foote  method  photographed  in  a 
comparison  micro¬ 
scope.  Wtesgnification  72bx. 
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Between  the  cells  of  the  spinal  ganglion  there  are  diffe 


Fences  with  ce  ...  . 

respect  to  the  conaKntration  of  HNA  in  the  cytoplasm.  In  tne 
spinal  ganglion 

up  to  the  fifteenth  day  ofdcvelopment  there  are  two  types  of 


cells  (Levi- 
Montalcini  and  Levi, 


■  O'  ■  - .  ■  ^  ; 

19l(.3,  Hambitrger  and  Levi -Montale  ini. 


Thej  large  differentiated  cells  are  located  vent 
laterally;  ,  ^ 

the  small  poorly  differentiated  cells  are  located  mediodorsai 
The  Increase 

in  the  RJIA  concentration  occurs  only  in  the  large^differentls 
ed  ^already  ^ 

morpholdgically  specialized’  neurons  which  are  already  beg^ 
ning  to  function 

specifically.  In  the  small  cells,  neuroblasts,  which  are  sti 
'  und  i  f fe  rent  i ^ 

>ated  and  not  carrying  out  any  .specific  functions  the  concent r; 
't'ion’of  'Rl^  ' 

is  unchanged  on  the  seventh  day. 


Fig.  3.  Motor  Cells  of  the  Anterior  Horns  of  the  SFlntl  Cord 
fa)  and  Senshry  _  , 

Cells  of  the  Spinal  oangllon  (b)  of  the  Chick  Bsbryo 

I-  on  the  sixth;  2-  On  the  seventh  day  of  tncubatlon.  Stalof- 

^•eiii»pyronlne •  Photographed  in  a  cooparison  nlcroscope* 

Magnification  720x. 

An  Important  part  in  the  netaboUsm  of  nerve  cells  it  played  by  olyeogeiM 
(Shabadash,  I9l;9) .  to  the  seventh  day  of  dcvelopment^even  with  saeh  a  sen¬ 
sitive  method  as  the  Shabadash  reaction  it  was  impossible  to  demonstrate  gly¬ 
cogen  either  In  the  motor  or  sensory  cells.'  On  the  seventh  dey, glycogen  is 
demonstrated  well  in  the  cytoplasm  Of  both  types  of  cells  of  the  spinal  gang¬ 
lion,  whereby*  differentiated  cells  there  Is  more  of  It  than  in  the  poorly 
differentiated  cells  (Fig.  h) . 


Fig,  I4..  Motor  Cells  of  the  Anterior  Homs  of  the  Spinal  Cord  (a)  and  Sensory 
Cells  of  the  Spinal  Ganglion  (b)  of  the  Chick  Embryo  ^ 

1-  on  the  sixthj  £»  On  the  seventh  day  of  incubation.  Reaction  for  glyfogen. 

Objective  90x;  ocular  lOx. 


The  concentration  of  histidine  In  the  cytoplasm  of  motor  and  sensory  call* 
^nercases  considerably  on  the  seventh  day.  In  the  nuclei  a  redistribution  of 
it  occurs;  on  the  sixth  day  the/a«BBa  acid  is  distributed  throughout  the 

nucleus  and  against  a  diffuse  background  small  clumps/chromatln  and  nucltoU 
ntainlng  histidine  a  in  a  somewhat  greater  concentration  are  distinguished 


poorly,  on  the  seventh  day,  the  histidine  is  practically  not  found  In  the 


karmylasm  of  the  majority  of  nuclei  of  motor 
hand,  its  concentration  is  increased  In  the 


and  sensory  cells;  on  the  other 
chromatin  and  nucleoli  (Fig.  5) • 


Fig,  5,  Motor  cells  of  the  anterior  home  of  the 
spinal  cord  (a)  and  sensory  cells  of  the  spinal 
ganglion  (b)  of  the  chick  embryo 

1)  on  the  sixth  day; 

2/  on  the  seventh  day  of  incubation, 

Teat  for  histidine. 

Objective*  90X;  ocular,  lOx, 


On  the  seventh  day  of  development,  the  activity  of 
the  alkaline  phosphatase  is  notably  altered  in  neurons  of 
the  spinal  gaE^lion, 

On  the  sixth  day,  a  weak  reaction  occurs  only  in  the 
nucleolus  in  the  motor  and  sensory  cells.  The  cytoplasm 
remains  perfectly  clear. 

On  the  seventh  day,  a  large  quantity  of  dark  granu¬ 
les  is  seen  in  the  cytoplasm  of  large  differentiated  senso¬ 
ry  cells,  in  the  ventrolateral  portion  of  the  ganglion, 
whereas  the  small  ceils  give  practically  no  reaction. 

Moog  {1943,  1944)  also  established  the  presence  of  a 
difference  in  the  intenalty  ;of  reaction  for  acid  and  alka¬ 
line  phosphatases  between  small  and  large  cells  in  the  spinal 
•ganglion  of  the  chick  embryo.  She  believes  that  chemical  ™ 
differentiation  of  nerve  cells  proceeds  In  parallel  with  hist 

.  .  26" 


-IcsJiWi  differentiation^  which  is  also  conflrmcd’by  our  data* 

In  the  study  of  the  localisation  of  the  thiol  compounds  In  the  motor 
neurons  on  the  sixth  and  seventh  day  of  development  we  came  across  an  inter¬ 
esting  type  of  histochemical  differentiation  of  cells.  On  the  sixth  day^the 

located 

thiol  coxopounds  are/  chiefly  in  the  nucleus,  whereby  after  performing 

the  test  it  stanins  diffusely;  in  the  cytoplasm  the  stain  is  much  weaker* 

On  the  seventh  day  the  distribution  of  thiol  compounds  In  the  nucleus  1$ 
ompletely  different;  they  are  concentrated  in  the  nucleolus  and,  apparently, 
in  a  few  clumps  of  chromatin;  the  entire  karyoplasm  is  without  any  reaction 
at  all  and  remains  clear.  In  the  cytoplasai  the  intensity  of  the  reaction 

increases  considerably  (Fig.  6).  In  this  case  we  can  not  apeak  of  changes 

•  its  .  ■  :  ■  .  , 

In  the  concentration  of  substance  in  the  cell  but.  only  of/  redistribution 
among 

/  cellular  structures  during  the  course  of  functional  development  of 

the  neurons.  v. 


Fig.  6.  Motor  Ceils  of  Anterior  Homs  of  the  Spinal  Cord  of  the  Chick  Eiibryo. 
1-  on  the  sixth;  2-  oh  the  seventh  day  of  Incubation.  Tests  for  thiol  groups 
CtoJectlW  90x;  ocuier  lOx., 

Therefore,  on  the  seventh  day  of  development  the  chick  embryo,  In 
connection  with  the  formation  of  a  reflex  arc  and  the  beginning  of  reflex 
novemlients,  there  is  a  change  in  the  character  and  intensity  of  the  specific 
activity  of  the  motor  cells  of  the  spinal  cord,  and  a  specific  activity  of 

J 
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the  afferent  neurons  of  the  spinal  ganglion  appears.  Thereby,  chemical 
differentiation  Is  observed  In  both  types  of  neurons:  there  An  Increase 

concentration  of  RMA  in  the  cytoplasm 

in  the  s  ! 

and  In  the  nucleolus,  the  concent rat I on/of  histidine,.  glycogen, 

alkaline  phosphWase  are  Increased,  and  a  redistribution  of  the  thiol  com- 

pounds  Is  observed. 

With^^^t^  further  development  of  the  embryo  on  the  eight,  ninth,  and 
tenth  days  of  incubation  a  certain  lessening  oh  the  concentration  of  the 

substances  studied  was  observed  in  the  motor  and  sensory  cells. 

On  the  eleventh  day^ changes  occur  again  in  the  content  of  a  number  of 
sibstances  V  the  concentration  of  RNA  Is  Increased  {somewhat  mere  In  the 
sensory  cells  and  less  In  the  motor  cells)  (Fig.  7),  In  both  types  of  cells 

there  IS  a  marked  increase  in  the  intensity  of  the  reaction  to  histidine  and 
arginine* 

After  the  seventh  day  the  test  for  glycogen  becomes  negative. 

On  the  eleventh  day  the  glycogen  Is  demonstrated  In  the  form  of  quit*  nomerod* 
clumps  in  the  la^ge  more  differentiated  neurons  of  the  spinal  ganglion  lying 
in  its  ventrolateral  portion,  whereas  In  the  small,  poorly  differentia 
cells  It  is  absent.  In  the  motor  cells  this  reaction  Is  very  weak. 

The  test  for  alkaline  phosphatase  is  very  weakly  expressed  on  the  elev¬ 
enth  day  In  the  motor  cells,  whereas  the  spinal  ganglion  is  distinguished  by 
more  intense  reactions  throughout  the  entire  section  through  the  embryo.  With 
respect  to  the  activity  of  this  enzyme  two  types  of  cells  are  readily  distin¬ 
guished:  in  the  large  cells  the  activity  is  considerably  greater  than  In  the 

siAA  liceiis* 
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through  the  fourteenth  day  a  reduction  in  the  esnbryonlc  activity  occurs,  and 

from  the  fiftecitth  through  the  eighteenth  day  a  rest  period  occurs. 

Cytocheml4!:al  observations  for  the  most  part  confirm  this  division  into 

periods.  The  concentration  of  jRNA  in  the  molor  and  sensory  cells  at  this  time 

gradually  decreases  (Fig.  7),  which  may  be  associated  both  with  a  reduction 

a 

in  the  metabolism  as  a  result  of  reduction  in  the  specific  activity  end 
with  the  continuing  differentiation  of  the  neurons. 

It  should  be  noted  that  at  this  time  there  is  a  gradual  reduction  in  the 

difference  in  concentration  of  RNA  between  the  large  and  small  cells  of  the 

* 

spinal  ganglion  and  subsequently  they  do  not  differ  from  one  another  in  thetr 
cytochemical  IndeceSo  This  is  probably  explained  by  the  fact  that  beginning 
with  the  fifteenth  day  the  mediodorsal  ceils  mature,  and  in  their  degree  of 
different iation  do  not  differ  from  the  ventrolateral  cells  { Levl**llontalclni 
nd  Levi,  I9I4.3)  * 

The  quantity  of  glycogen  also  decreases  after  the  eleventh  day  until 
there  Is  a  negative  reaction  In  the  cells  of  the  spinal  ganglion  and  a  hardly 
noticeable  one  in  the  motor  cells.  Only  on  the  seventeenth  day 
do  small  clumps  of  glycogen  reappear  in  the  Individual  mot or^^, sensory 
cells.  The  Intensity  /  the  reaction  for  histidine,  thiol  compounds  and 
alkaline  phosphatase  also  decreases  notably. 

The  most  important  phase  in  the  development  of  the  motor  act iv^tyrand 
intensification  of  it—occurs  on  the  nineteenth-twentieth  day.  /  this 
time  the  morphological  formation  of  the  fetus  is  completed^fcr  the  most 

part,  and  the  rest  period  terminates  and  a  period  of  pre-ha tch*ng  begins; 
then  (twentieth  to  twenty-first  day)  hatching  occurs  (Kuo,  1938).  In  con¬ 
nection  with  this,  both  the  specific  activity  of  the  motor  and  sensory  cells 


Fig.  8.  Motor  oells  of  the  anterior  spinal 
crescents  (a)  and  the  sensitive  cells  of  the 
spinal  ganglion  (b)  of  a  chick  embryo. 

1)  on  the  17th  day; 

2)  on  the  19th  day  of  incubation; 

3)  in  a  one-day  chiok.  . 

Stained  >rlth  methyl  green-pyronine.  Taken  in 
a  comparison  magnified  720  times. 


are  increased^  and  the  changes  in  their  ohemloal  compo¬ 
sition  Increase, 


The  concentration  of  RNA  in  the  cytoplasm  and  nude 
Ilia  of  both  types  of  cells  increases  considerably  1  Fig.  c 

a  notable  quantity  of  glycogen  appears  (Pig.  9), 

alty  of  the  action  for  histidine,  thiol  oompouif^s  3.^ 

increases,  and  the  reactivity  of  the  alkaline  phosphatase 

increases. 
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Fig.  9.  Motor  cells  of  the  anterior  horns  of 
the  spinal  cord  U)  aad  sensory  cells  of  the  spi¬ 
nal  ganglion  (b)  of  the  chicle  embryo. 

1)  on  the  20th;  2)  on  the  21st  day  of  development. 
Test  for  glycogen.  Objective  90x;  ocular  lOx# 


0»  O 


Fig.  10.  Motor  cells  of  the  anterior  horns  of  the 
spinal  cord  (a)  and  sensory  cells  of  the  spinal  gan¬ 
glion  (h)  of  the  chick  embryo. 


1)  on  the  19th;  2)  on  the  20th;  3)  on  the  21st  day  of 
incubation.  Test  for  thiol  groups.  Objective  90x; 
ocular  lOx. 


. .  . . . .  .  .  OC«uy®  ,  ^ 

fj^rr further  intenstflcatlon  of  the  functions  /  on  the  twentieth- 

i  twenty-first  d^y.  This  Is  the  period  of  hatching,  when  the  fetus  makes  very  ^ 

j strong  movement a. With  pecking  and  breaking  of  the  shell  a  change  occurs  In  the ^ 

[position  of  the  head  and  the  upper  cervicai  Vertebrae  of  the  chick  (UpplncoU^ 

!  1932),  that  is,  the  muscles  work  which- obtain  their  innervation  from  the 

scctlln  of  spinal  cord  which  we  are  studying.  In  connect ifen  with  this  . 

further  hi  stocherolcal  rc3*'^^'‘  of  the  corresponding  neurons  is  also 

Observed.  ’'^pecking  (twenty-first  day)  and  one-day-old  chick  the  con- 

icentration  of  RNA  in  the  motor  and  sensory  Cell s  is  increased  (Fig.  S)- 

■There  is  also  a  considerable  increase  in  the  quantity  of  glycogen.  Whi 

'  the  twentieth  day  the  glycogen  does  not  exist  in  a-ll  the  cells  of  the  spinel 

gangllwn  on  the  twenty-first  day  clumps  of  glycogen  are  found  In  aU  the 

;  sensory  neurons.  In  the  one-day-old  chick  a  further  increase  in  the  quantity 

of  glycogen  is  observed  in  the  cytoplasm  of  the  neuronsl  Fig.,  9) . 

AS  has  been  shown  In  our  laboratory  by  V.  It  tarin,  reaction,  for 
histidine  «  Increase  somewhat  on  the  twentieth  day  in  the  motor 
the  twenty-first  day  also  in  the  sensory  cells.  The  reaction  for  thiol 
compounds  Increases  somewhat  only  in  the  motor  cells  on  the  twenty^flrst  day* 

afterwards,  its  Changes  are  slight  (Fig.  iO).T^^  of  alkaline 

phospitase  Is  generally  unchanged. 

A.  1.  ...»  fr».  h..  »..n  .fc-v.,  th.  c«.c.nt«tl<«  of 

,  «  ht.tirf4n*  thiol  compounds  and  alkaline  phosphatase  activity 

RKA,  glycogen,  histidine,  tntoi  compew.  of 

A  _  staoes  /  development  in  c^nedtlon 

In  the  neurons  changes  at  aarlous  9 

with  the  change, in  the  motor  activity  of  the  embryo.  ^ 

The  same  rules  and  regulations  can  not  bd  found  with  respect  to  m  and 
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arginjtnc;  The  react lon/for  arginine  on  the  sixth,  seventh,  eighth  day  of 
development  are  of  moderate  Intensity.  Afterwards,  this  reaction  gradual Ity 
Inofeasca.  if  we  compare  preparations  of  two  successive  stages,  the  dlfferapca 
proves  to  be  insignificant j  If  we  compare  the  Intensity  of  the  reaction  in  the 
cytoplasm  and  in  the  nucleus  of  motor  and  sensory  cells  on  the  sixth  and 
twenty-first  day  of  development  it  Is  clearly  seen  that  the  concentration  of 
arginine  at  late  stages  is  considerably  higher  in  the  cytoplasm,  nucleolus 
and  nuclear  granules  and  much  less  In  the  karyoplasm. 

M.  Ye.  Struve  (1953,1955)  studied  arginine  In  the  motor  cells  of  the 
spinal  edrd  at  various  stages  of  fetal  development  of  the  rabbit  and  also 
established  the  fact  that  with  the  development  of  the  embryo  a  gradual  In- 
'crease  is  observed  in  the  intensity  of  the  reaction  In  the  cytoplasm,  protein 
granules  of  the  nucleus  and  nucleoli,  The  change  In  the  quantity  of  arginine 
and  histidine  was  established  by  biochemical  methods  at  certain  stages  of 
'  development  of  amphibians  (Dorfman,  1958) . 

The  PNA  content  apparently  changes  in  the  nuclei  very  gradtully  also. 

.No  nsrked  changes  can  be  found.  On  the  seventh  day  of  development 

DMA  Is  arranged  in  the  form  of  granules, 
in  the  nucleoli  and  near  the  nuclear  membrane;  In  the  k^aryoplasm  individual 
small  granules  are  scan;  this  applies  to  the  nuclei  of  motor  cells.  In  the 
spinal  ganglion  two  types  of  cells  are  readily  distinguishable  with  respect 
'  to  their  content  of  DMA;  in  the  nuclei  of  the  large  differentiated  i  cells 
of  the  ventrolateral  portion  of  the  ganglion  only  several  granules  of  DMA  are 
seen  which  are  located  chiefly  near  the  naclcolus.  The  nuclei  of  poorly 
differentiated  small  cells  of  the  medlodorsil  portion  of  the  ganglion  contain 
considerably  more  Feulgen-posltivc  granules.  Along  with  the  round  granules 


ffiBTiy  snsall  granules  are  seen  which  are  scattered  throughout  the  entire  nucleus 
Subsequently,  a  reorganization  of  the  nuclei  occurs  In  connection  with  differ¬ 
entiation  of  the  neurons,  and  If  we  coiapare  the  nuclei  of  both  motor  and  sen¬ 
sory  cells  on  the  seventh  and  seventeenth  .day  of  development  It  may  be  noted 
that  the  number  of  granules  Is  reduced  by  the  seventeenth  day. 

Baffonl  (1954),  studying  the  DNA  In  the  >urklnje  cell  nuclei  of  the  ca^ 

iconcioded  that  during  the  course  of  development  of  the  fetus  the  nuclei  beootte 
jpoor  in  DNA.  A.  A.  Zhirnova  (19555  believes  that  the  DMA  content  Is  re¬ 
duced  In  the  nuclei  of  the  neurons  of  the  anterior  home  of  the  spinal  cord 
jgnd  motor  area  of  the  cerebral  cortex  of  the  rat  during  the  course  of  eiri)fy- 
^onic  d^evel opioent  of  the  organism* 

The  problem  iii  the  reduction  In  the  quantity  of  DHA  In  the  nticlel  of 
fierve  ceils  of  the  developing  organism  requires  further  investigations  by 
means  of  exact  quant Itatatvve-  methods. 


Special  d  attention  has  been  directed  to  the  histochemistry  of  the 

'•.Nisei, ...  ^  ; 

tigroid,  the  question  of  the  actual  existence  of  /  granules  In  the 
live  ceii/glven  rise  to  doubt  until  recently  (Brddskly,  1956).  **** 

work  of  b letch  arid  Murray  (1956)  has  appeared;  they  studied  the/  '  in 

living  ceils  of  the'spAnal  ganglion  of  the  chick  embryo  in  a  tissue  culture 

nesl 


bodies 


by  means  ot  a  phase-contrast  microscope.  They  showed  that  the/ 
arc  aireddy  present  In  living  neurons  and,  by  and  iarge,  are  not  changed  after 

qood  <»dhoioglcal  fixation.  1.  P.  Belova  in  our  laboratory  has  shown  the 
^  tigroid  *  .  .. 

ekistence  of  ’  /in  living  cells  of  a  number  of  invertebrate  and  verte¬ 

brate  animals  by  means  of  the  phase-contrast  microscope.  A.  L.  Shabadash 

tlgrdla 

(1956),  Itl  analyzing  this  question  thdroughly,  regards  the/  as  a 

spec  Iflc  organoid  of  the  nerve  cell.  The  actuality  of  the  existence  of  the 


Litcr*14 

,  observed  In  living  nerve  cells  regularly  formed  during 

the  course  of  ontogeny  and  regularly  altered  depending  on  various  physiologi¬ 
cal  positions,  can  not  be  doubted  at  the  present  time,  in  our  opinion. 

,  During  the  course  of  ontogeny  a  differentiation  occurs  in  the  neurons 
■  **^'*i.  ■  ..  ■  tlgrald  '  '  . 

and  the  format  ion  of  yiu  them.  In  fecent  years, a  number  of  works  have 

appealed  devoted  to  this  problem. 

Ye  1.  Kalinina  (1952,  1956)  has  shown  that  in  the  motor  cells  of  the 

..  ^tigreld 

anterior  horn  of  the  spinal  cord  of  rabbits  the  /is  demonstrated  for 

the  first  time  on  the  seventeenth  day  of  development  and  accumulates  In  an 
during  ■ 

increased  manner  .f  the  period  of  occurrence  and  development  of  reflex  actlv- 

.  Ity,  Baffonl  (1954)  studied  the  formation  of  tig  roici  In  th€  Purkirvj%  cclli 

mmmtSf  He  showed  that  in  a  diffusely  basophilic  neuroblast  a  periphtral<^ 

/  basophilic  eonc  is  first  formed  and  then  various  clumps  appear  the  quantttw 

of  which  increases,  and  then  they  assume  a  shape  characteristic  of  the/ 

Purkinjle 

of  -  .  /cells  of  adult  animals;  thereby,  basophilia  of  the  cytoplasm 

■  among  ^ 

gradually  is  reduced  /  the  clumps.  A.  A.  Ehlmova  (1955  )  showed  that 

tlgreid  .  '  .  ■  ;  / 

the  first  clumps  of  /formed  in  the  motor  neurons  of  the  s rp ins 1  cord 

of  the  rat  embryo  are  seen  onlmy  on  the  sixteenth  day.  With  the  growth  of  the 

ts  motor  activity  an  increase  occurs  in  the 
Itteel 

/  clumps.  The  shape  and  arrangement  of  the 


embryo  and  the  development  of  Its  motor  activity  an  increase  occurs  in  the 

Itteel 

quantity  and  size  of  the : 
tigroid 

/  bodies  are  changed  also  during  the  differentiation  of  spinal  ganglion 


cells  in  tissue  culture  (Dietch  Murray,  1956). 

The  first  data  concerning  the  cytochemistry  of  the  developing  tigroid 
were  given  by  M.  Ye  Struve  (1955).  In  the  motor  cells  of  the  rabbit  embryo 
she  found  histidine  in  the  tigroid  clumps  on  the  thirteenth  day  of  develop- 
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txl.lenc.  of  Mslldlne  '  aotomlned  on  th.  (wonty-tnlrd  Ooy  of  Otool- 

opment,  whftl^eas  arginine  could  not  be  found. 

The  chemical  composition  of  the  tigroid  is  representid  In  the  following 
form  at  the  present  time.  It  includes  ribonucleoprote in  which  contains  WIA 
ahd^aslc  acidophilic  protein  which  Is  rich  in  dlamlno  acids,  arginine,  his 
tidlne  and  lysine  and,  in  the  opinion  of  Linarenko,  proteins  which  show  a 
neutral  or  acid  reaction  and  contain  aromatic  a»#ne  adds  (Brscst,  l9U4j 
RosKIn,  1945}  Caspersson.  1950}  Shabadash.  1953}  Llnarenko,  1953,  1956,  1957). 

I  In  addition,  A.  L.  Shabada?h  (1949)  showed  that^ycogen  Is  Included  In  the 
j composition  of  -  ^  tigroid  of  a  number  of*  nerve  cell..  Soon  after- 

■  wards, Schubel  (1955)  confirmed  his  data.  We  also  have  bad  an  opportunity  %o 
find  glycogen  repeatedly  in  the  tigroid  of  appropriate  neurons.  Vraa  Jensen 
(1956)  believed  that  the  chemical  composition  of  the  tigroltf  la  the  tame  In 
all  neurons.  We  can  not  agree  with  thl^,  at  least  because  glycogen  In  ao«e 
cells  is  included  In  the  neurohs}  In  others  It  Is  •*»»*"'* 

On  the  fifth  dsy  of  development  the  fomstlon  of/  tigroid  Is 

begun  in  the  motor  neurons  of  the  spinel  cord.  While  the  cytoplasm  up  to 
this  time  is  diffusely  basophilic,  on  the  fifth  day  the  stain 
its  uniformity.  The  accumulations  of  RNA  frequently  are  located  on  one 

of  the  nucleus  or  have  the  shape  of  a  rim. 

On  the  seventh  day^the  .Inhomogenelty  of  the  staining  of  the  cytoplasm 
becomes  more  distinct.  This  occurs  both  because  the  dlumps  become  larger  and 
more  distinct  4nd  because  of  the  paler  staining  of  the  cytoplasm  among  them. 
Aftervmrds,  the  clumps  Increase  in  slse.  and  the  concentration  of  RNA  In 


them  increasesi  among  the  Nisst  bodies  in  the  cytoplasm  the  concentra¬ 

tion  of  RNA  decreases,  but  does  hotentirely  disappear  as  has  been  stated  by 

Baffonl  ( 1951).) .  The  cytoplasm  remains  weakly  basphl lie. 

The  presence  of  RNA  among  the  tt grcld  clumps  was  first  established  by 
V.  Y*  Brodskiy  (1956)  whose  data  we  are  able  to  confirm.  The  tigroid  sub¬ 
stance.  typical  of  motor  neurons  of  the  adult  animal  (characteristic  .hape 
and  arrangement  of  the  clumps,  concentration  of  RMA  in  them  )  Is  fomed  only 
on  the  fifteenth-seventeenth  day  of  development  .(Fig.  ll)» 


In  the  first  stages  of  development  the  reaction  for  it-tstldlne  and 
arginine  in  general  gives  a  uniform  staining  of  the  entire  cytoplasm,  Osiy 
on  the  ninth  day  in  the  motor  and  On  the  fifteenth  day  in  the  sensory  cells 
is  histidine  found  in  the  tygroid  In  a  greater  concentration  and  then 


in  the  rest  of  the  cytoplasm.  Just  as  occurs  In  the  motor  neurons  of  the 
spinal  cord  of  the  adult  chick.  A  higher  concentration  of  arginine  wlias 
shown  in  the  tigroid  of  the  cells  studied  only  on  the  fifteenth-seventeenth 

day. 

An  Intense  reaction  for  amino  acids  msy  depend  on  two  factors:  on  the 
relative  concentration  of  the  amino  acids  detected  in  the  protein  and  on  the 
protrfln  concentration  In  this  structure.  Hyden  (19U3)  did  not  find  any 
essential  difference  In  the  cbncentratlon  of  proteins  in  the  t« grold  by 
coir-pa risen  with  the  protoplasm;  therefore,  the  intensity  of  the  reaction 
speaks  for  an  increased  concentration  of  histidine  and  argfnine  in  the 
tigroid  protein,  which  is  in  agreement  with  the  data  In  the  literature. 

On  the  twentieth  day  of  development  the  reaction  for  thiol  compounds 

coincides  with  the  tigroid  Substance. 


The  clumps  of  S^ycogcn  arc  distributed  in  the  cytoplasm  more  or  less 
uiw^o^wly  up  to  the  seventeenth  day.  Beginning  with  the  twentieth  day, 
and  particularly  with  the  twenty*flrst  day  of  development,  glycogen  is 
liound  entirely  to  the  tfgrold.  After  the  test  for  glycogen  c lumps 

are  seen  which  coincide  In  their  shape,  size  and  location  with  the  tfgrold 
clumps.  It  Is  interesting  that  as  a  resuH  of  fixation  these  clumps  do  not 
shift  to  one  of  the  margins  of  the  cells,  as  is  frequently  observed  in  other 
ceili  rich  in  glycogen, (for  example,  liver,  cel  Is) .  This  phenomenon,  which 
was  very  prominent  in  the  cells  which  we  studied  on  the  eleventh“f Ifteenth 
day,  depends  on  the  fact  that  glycogen  at  a  certain  stage  of  development  of 
the  neurons  is  apparently  associated  with  the  tfgroid  proteins. 

Therefore,  during  the  course  of  embryonic  development  not  only  the  shape 
and  sistc  of  the  tigroid  clumps  are  changed  but  also  its  chemical  composition: 
there  is  a  gradual  Increase,  at  first, in  the  concentration  of  RNA,  and  theft 
bf  histidine  and  arginine.  Both  these  aiBtnd  acids,  as  is  well  known,  are 
included  in  large  quantities  in  the  basic  protein  of  the  tfgrold  and,  there¬ 
fore,  this  protein  approaches  the  tpgroid  protein  of  the  adult  organism  in  Its 
chemistry  only  toward  the  seventeenth  day  of  development  (within  the  limits 
of  the  possibilities  of  the  methods  used).  Glycogen,  which  Is  so  character¬ 
istic  of  the  tigroid  of  motor  and  sensory  cells  in  the  spinal  cord  of  the 
adult  animal,  appears  in  the  tigroid  of  the  embryo  only  on  the  twentieth- 

twenty-first  day* 

The  histbcheroical  and  apparently  functional  differentiation  of  the  tf- 
grold  is  completed  (v^tlthln  limits  of  the  components  studied)  only  shortly 
before  the  end  of  the  fetal  development  of  the  animal. 


0.  1.  Roskln  and  others  { 19‘i!3)  have  «stabli5hcd  in  a  number 

in  the 

of  works  that  differences  exist  between  motor  and  sensory  calls  / 

relationship,  _  .  ^  a  i 

/  concentration  •nd  cyte topography  of  a  number  of  substances .  A.  L. 

Shabadash  (1949)  showed  that  the  presence  or  absence  of  glycogen  characterlaea 

.  ■  ■ 
nerve  ceils  of  different  types. 

From  a  coEparlson  of  oUr  material  with  the  data  in  the  literature  it  ts 
seen  that  the  histdchemlcal  differences  found  for  the  functionally  distinct 
neurons  of  adult  anlmaisaee  created  as  early  as  during 


the  coursie  of  embryonic  development. 

Before  the  twentieth  day  of  development  the  concentration  of  RNA  in  the 
sensory  ceils  is  higher  than  In  the  motor  cells.  On  the  twentieth  and  twenty** 
first  day  of  embryonic  development  and  in  the  one-day-old  chick  no  such 
difference  can  be  found  In  the  RNA  c cmic ent ra 1 1 on,  which  Is  characteristic  of 


the  adult  animal.  - 

On  the  seventh-eleventh  day  of  development  the  content  of  glycogen  in 
the  cells  of  thd  spinal  ganglion  proved  to  be  geeater  than  In  the  motor  ceils 


Afterwards,  no  clear-cut  differences  can  be  found. 

Beginning  *lth  the  first  and  up  through  the  twentieth  day  of  developaent, 
as  haa  been  established  in  our  laboratory  by  V.  N.  Larina,  the  histldln  cen- 
centration  in  sensory  cells  is  greater^or  the  same/in  the  motor  cells.  Only 
on  the  twenty-first  day  does  the  concentration  of  histidine  In  the  motor  cella 
become  greater  than  In  the  sensory  cells  for  the  first  time,  as  is  character¬ 
istic  of  adult  animals.  'O.  I  .Roskin  has  determined  that  the  same  Interre- 


lationsBhip  exists  in  mammals. 

On  the  fourth  and  sixth  days  the  activity  of  the  alkaline  phospftatase 
in  sensory  and  motor  cells  Is  the  same.  In  general,  but  beginning  with  the 


Pig,  11.  Formation  of  the  tigroid  suhstance  in  the 
motor  cells  of  the  anterior  horns  of  the  spinal  cord 
(a)  and  sensory  cells  of  the  spinal  ganglion  (h). 

1)  on  the  fifth;  2)  on  the  seventh;  3)  on  the  thir¬ 
teenth;  4)  on  the  seventeenth  day  of  incubation.  Me¬ 
thyl  green-  pyronlne.  Objective  90x;  ocular  lOx, 


j 
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seventh  day  of  developroent  the  activity  becomes  greater  in  the  sensory  ce 
ind  this  relationship  continues  during  the  subsequent  development  of  the 
embryo  and  in  the  one-day-old  chick.  The  same  results  in  adult  anltnals 
«ero  obtained  by  G.  I.  Roskln  and  M.  V.  Shornlkova  (1953). 

Up  to  the  fifteenth  day  of  development  the  concentration  of  thiol  co® 
pounds  in  the  sensory  and  motor  cells  Is  approKimately  the  same;  from  the 
fifth  through  the  thirteenth  day  it  is  somewhat  greater  in  the  sensory  ceil., 
then  the  difference  becomes  smoothed  out.  According  to  the  data  of  G.  I. 
Roskin  (1951.),  in  mammals  the  concentration  of  SH-groups  is  geeater  In  the 

motor  cells. 

Therefore,  for  certain  substances  51NA.  histidine)  the  interrelationship 

of  their  concentrations  In  functionaiiy  different  neurons  characteristic  of 

adult  animals  is  established  only  at  the  very  end  of  !!!!Lrteenth 

opment;  for  others  (glycogen,  thtol  compounds),  only  the  eleven 

day.  that  is,  at  the  beginning  of  the  second  half  of  the  embryonic  period. 

and,  finally,  the  interrelationship  between  the  8..tivlty  of  a 

phosphatase  in  motor  and  sensory  cells  is.  in  general,  the  same 

embryo  and  In  the  adult  animal. 

Conclusion 

.  Ou,t,9  lb.  co«r.,  of  ..bryonlc  a.v.l.».»«t/9r™ib  .,4  dlfr..«>l‘.‘">« 


f  Wrv,i  =.».  /  :  .  .04  Cb.»ge=  .0  lb...  .m.  •»» 

ssoclated  with  this  occur  but  there  Is  alio  a  change  in^the  c  e« 

...lion  Of  n..rob.,  .b...by  lb...  Cb.n9..  ...  P.o4oc.4 

,V  ..  b..4  .4.  .1  lb.  .....nl  .1.9.  4.V.. 0,4.01  .f  =yl«b  .  ‘O-. 

0  „  ,.4.1.4.,  ..P4...b‘.  <»  purify  ..lb  P-U.on  ,b.l  lb. 


functional  significance  is  of  the  change  in  concentration  or  redistribution 
of  various  chemical  substances  in  the  cell  at  various  stages  of  develop 
ment  of  the  neurons.  Functional  cytochemistry  toa  very  great  degree 
depends  on  functional  biochemistry,  which  as  yet  has  been  poorly  developed, 
and  only  the  combined  development  of  these  contiguous  trends  can  advance 
our  knowledge  of  the  rules  and  regulations  of  the  functioning  of  the  nerve* 
ceil.  However,  certain  conclusions  can  be  drawn  even  now. 

RNA  is  changed  in  connection  with  the  specific  function  of  the  nerve 
cells.  During  the  course  of  embryonic  development  of  the  chick,  when  an 
Intensive  growth  of  neurons  is  occurring,  the  concentration  of  RMA  In  the 

cytoplasm  is  very  great.  However,  at  the  turning  points  of  the  functUnIng 

of  motor  and  sensory  cells  (fourth  day  of  development  of  the  embryo-  the 
occurrence  of  specific  activity  of  motor  cells;  seventh  day  of  devclopment- 
the  closure  of  the  reflex  arc  and  the  Inclusion  of  sensory  cells  in  the 
specific  activity  associated  with  this;  nineteenth  day-  the  beginning  of 
particularly  active  movements  of  the  fetus)  the  RHA  concentration  in  the 
cytoplasm  and  nucleolus  of  these  cells  Is  j|tere.d 

The  beginning  of  specific  activity  or  intensif icAllon  is  accompanied 
by  an  increase  in  the  RNA  synthesis,  which  we  see  on  the  seventh,  nineteenth 
and  subsequent  days  of  development.  A  reduction  in  the  SNA  concentration  In 
motor  ceils  on  the  fourth  day  Is  associated,  apparently,  with  the  fact  that 
the  reflex  arc  has  not  as  yet  been  formed, and  excitation  of  the  motor 
neurons  is  accomplished  as  a  result  of  the  effect  of  chemical  agents.  dlrccUy 
on  the  body  of  the  nerve  cell,  that  is,  differently  than  In  r  eflex  activity 
During  the  course  of  muscular  work  the  content  of  protein  in  the  motor  cells 
of  the  anterior  horns  is  considerably  reduced;  thereby,  part  of  the  cellular 


protein  is  destroyed,  and  after  this  Is  restored  by  the  chemical  systems  which 
form  proteins  (Hyden,  .19^3  ,  19$$J  Caspersson,  1950).  At  the  present  time, 
there  is  every  basis  for  the  belief  that  RNA  is  connected  with  protein 
synthesis  (Brachet,  1957;  Davidson,  195?) .  The  recent  data  of  Geiger  (1957) 
are  interesting;  he  showed  that  the  electrical  and  chemical  stimulation  of  ' 
neurons  In  a  tissue  culture  produces  a  change  in  the  nsucieoprotclns  in  the 
cytoplasm  and  nucleolus. 

All  these  facts  and  considerations  render  comprehensible  the  increase  In 
concentration  of  RMA  which  we  observed  with  the  Intens^iflcatlon  of  specific 
activity  of  the  nerve  ceil,  in  addition,  it  shoufd  be  kept  in  mind  that  in 
generalising  on  the  data  concerning  the  eccufflul action  of  RKA  In  the  cell, 
Davidson  ( 1957}  and  Brachet  (1957)  concluded  that  RNA  synthesis  precceds 
protein  synthesis,  in  the  study  of  fibroblastic  basophilia  (Levinson  and. 
Pavlova,  19U9}  we  have  also  managed  to  shew  that  the  Increase  of  RNA  con* 
cent  rat  Ion  in  them  precedes  the  active  formation  of  collagen.,  fibers.  The 
lntenslf^^_^icatlon  of  protein  decomposition  associsted  with  the  onset  of 
specific  activity  of  neurons  promptly  produces  an  Increase  In  the  activity 
of  the  protein  synthesis  apparatus,  which  Is  manifested  in  a  rapid  accumu¬ 
lation  of  RNA  In  the  cell. 

Recently,  kV.  Ya.  Brodskly  and  N.  V.  Nech;_^ayeva  <1958ab),  aftc*"  using 

ultra-violet  cytophomtcOTetry,  also  concluded  that  the  quantity  of  RIU  in  the 

cytoplasm  of  ganglion  ceils  In  the  retina  depends  ^  on  Ihe  intensity  of  their 

t  il  c 

activity^  However,  it  should  be  Kept  in  mind  that/RNA  cphcentratlon  ln  the 
nerve  cells  depends  not  only  <Mii  the  intensity  of  synthesis  of  functional 
pfoteln.  The  embryonic  neurons  grow  and  accumulate  a  large  quantity  of 
protein  (Hyden,  1943);  finally,  processes  of  splitting  and  synthesis  of 
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protein  arc  constantly  occurrina  In  the  nerve  cell  associated  with  the 
general  cell  metabolism.  Therefore,  the  kRNA  concentration  In  the  nerve 
Ceil  is  associated  with  its  specific  function, with  the  stage  of  development 
and  the  intensity  of  metabolism. 

Along  with  a  ct«inge  in  the  RNA  concentration  at  the  turning  point 
associated  with  a  change  in  the  intensity  and  nature  of  the  specific  activ¬ 
ity  of  nerve  cells,  the  concentration  of  the  ameno  acids,  histidine  and, 
partly,  arginine  Is  also  changed.  During  the  course  of  development  and 
adequate  stimulation  a  change  occurs  in  the  quantity  of  protein  In  the 
nerve  cell  (Hyden,  19U3;  Brattgard  and  Kyden,  1951i> .  Our  data  show  that 
changes  occur  not  only  In  the  quantity  but  also  in  the  <juality  of  proteins, 
which  is  expressed  in  a  change  in  the  histidine  concentration  and  partly  In 
that  of  arginine  in  the  neuron  proteins. 

The  changes  in  the  glycogen  content  with  Increase  in  the  Intensity 
of  the  specific  activity  are  very  characteristic.  This  problem  has  been 
worked  out  in  detail  with  respect  to  nerve  ceils  of  adult  animals  by  A»  1-. 
Shabadash  (19U9>.  Our  data,  obtained  as  a  result  of  study  of  developing 
'nerve*ceUs,  also  indicate  the  importance  of^glycogen  in  the  metabolism  of 
nerwe  Cells,  particularly  during  the  accomplishment  of  special  functions  by 
them.  The  functional  conditioning  of  the  redistribution  of  glycogen  during 
the  course  of  embryonic  development  and  the  concentration  of  It  in  the  tygrold 

substance  only  directly  before  batching  of  the  chick  attracts  attention  and 
awaits  explanation. 

Thiol  compounds  are  also  changed  In  connection  with  a  change  In  the 
neuron  function,  with  the  increase  In  the  specific 
tion  is  *  increased.  The  role^^gnif icance  of  /an'* 


compounds  have  been  analyzed  v,ei  I  In  the  work  of  Kh.S.Koshtoyant»  ( 1951) . 

Hellstrttm  and  getterstrBm  {195fe),  investigating  retinal  nerve  calk  * 
showed  that  as  a  result  of  adequate  stimulation  the  concentration  of  SH-groups 
U  increased.  G.  A.  Nechayjva,  N.  V.  Sadlkovaira  .  and  V.  A.  Skvortsavlch 
(1957)  studied  the  functional  biochemistry  of  the  brain  by  imeans  of  methlo- 
nine  containing  and  established  the  fact  that  the  specific  activity  of 

glutathione  sulfur  In  excited  animals  Is,  on  the  average,  i  35%  higher  than 

in  animals  which  are  in  a  state  of  relative  reel. 

,  Therefore,  the  results  obtained  by  hlstocheiMlcai  methods  are  Inagrea- 

aent  with  biochemical  data. 


Conclusions 

HWI  s 

1.  Th.  M.lc  proble.  or  in»e.tl#illon«/tl..  <.v».lol««fit  of  the  ftmctlol 


.1  clrt.ch..l.lr,  of  ft,.  o.f..  coll.,  IMt  1..  I-  «.t.etlon  of 

their  otnictore,  ehmilc.1  ctmpo.ltion  eoh  .peolflo  f«»otfo.. 

.  2.  A  otoay  «•  M*.  of  Ih.  cyt'ochral.lry  of  ■  «plM>  «ora  .otor  Mtl« 
pna  th.  .pln.1  peopllon  ..n.ory  coll,  of  th.  ohlch  Mhryo  .1  th...  .1.,..  of 
It.  a...Iop..»ty«>toh  oMoae.  «cur  lo  the  lnt.«.lt>  •«  »'»”  *'>• 


of  the  nerve  cell . 

3.  curing  the  course  of  development  of  the  chick  embryo  ,nct  only 
growth.  Change  In  shape  and  structure  of  the  nen.e  cells  but  also  a  change  In 
their  chemical  composition  and  distribution  of  chemical  substances  In  them 
sre  observed.  These  morphological  changes  and  changes  in  the  chemical  com- 

position  of  the  nerve  cells  are  functlontlly  conditioned. 
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CYtoehegical  Study  of  Nucleic  Acids  in  the  Cells  of  Rabbit  Brain  Purina  the 

Gourse  of  Qatoafenv  ' 

By  V.I.  K'rajiil 'nlkova 

Laboratory  of  comparative  biochemistry  of  the  Institute  of  Physiology 
of  the  Academy  of  Sciences  USSR.  Leningrad, 

It  is  well  known  that  nerve  cells  are  rich  in  nucleic  acids  (UNA  and 
IWA) ,  particularly  RMA,  The  concent  of  nucleic  acids  in  the  cells  and  the  rate  of 
their  resynthe sis  change  depending  on  the  functional  condition  of  the  nerve  elaoue. 
this  haa  bean  ahown  by  numerous  biochemical  and  cytochcmlcal  Inveatigatlona  on 
various  biological  objects  and  under  various  physiological  condltiona  (Palladln. 
1952,  I95b;  Vladimirov,  1953}  Krept,  Smirnov  and  Chetverlkov,  1954}  Smirnov,  W55; 
Kreps  and  Chenykayeva,  1955;  Hydan,  1955;  Binaraon,  1957;  Hanilova,  195B; 

Levinson,  195$  and  others).  A  relationship  haa  also  boon  eatabliahed  botwaen 
Che  content  of  ribonucleic  acid  In  the  Cell  and  Ita  capaetcy  for  protein  aynthoois 
during  the  growth  period  and  during  functional  activity  (Byden,  1943;  Hochberg 
and  Byden,  1949;  Caapertaon,  1950;  Brachet  1950,  1957).  There  are  data  In  exlataoee 
concerning  the  boneCicial  influence  of  nucloie  aclda  and  their  derlvattvea  on 
the  recovery  of  Impaired  cerebral  activity  (Celger  and  Tauiaaki,  1956).  At  the 
present  time  there  is  no  doubt  of  Che  fact  that  nucleic  aclda  and  nuelaoprotataa 
play  an  important  part  in  the  metabolism  of  the  nerve  cell  and  poaaibly  also  in 
Che  chemical  dynamics  of  nerve  processes. 

A  study  of  the  content  and  local laation  of  nucleic  acids  in  the  cell 
during  the  course  of  ontogenetic  development  of  the  central  nervous  system  is 
i.itCetT4ting  both  in  connection  vith  the  pertieipatlen  of  these  substences  in  the 


jjtocesses  of  protein  synthesis  during  growth  and  di f ferentiatlon  of  nerve 
developirsents  and  in  relationship  with  the  functional  Daturatlon  of  the  cells. 

'4 

TfiB  prchlem  of  this  wotV.  was  also  the  cytochemical  study  of  the  distribution  of 
DKA  and  RKA  in  the  cell  structures  of  the  rabbit  brain  at  various  stages  of 
development*  . 

The  object  of  study  constated  of  the  brains  of  rabbits  of  different 

ages:  embr\'os  20,  25,  29  days;  of  the  postnatal  period,  one,  four,  seven,  10. 
i2,  15,  20,  25,  30*  A5,  60  days;  and  adult  animals.  The  rabbits  were  killed  by 

air  embolism  or  by  cutting  off  the  head  (embryos  and  small  rabbits)*  Pieces 

three  to  five  lollllmeters  in  thickness  were  excised  from  the  cerebmm  by  frontal 

section  throu^  the  motor  area  of  the  cortea;  they  were  fixed  in  chilled  80  percent 

ethyl  alcohol  and  embedded  in  paraffin. 

In  tissue  sections  (four  to  five  microns)  which  were  stuck  to  the  glass 
slides  and  freed  of  paraffin  staining  reactions  were  carried  out  under  strictly 
standard  conditions  which  demonstrated  the  WA  and  the  RKA  In  the  cells.  Use 
was,  of  the  FeuJ^gen  reaction  and  the  Brachet  method  with  the  use  of 

tMiibyXgrean«*P3FroniM  and  ribonuclease  (Fierce,  1956) *  Differentiation  of  the 
tissue  Ktainlng  after  the  reaction  with  the  stains  was  carried  out  with  K-butyl 
alcohol,  which  removes  the  nonspecific  staining  with  pytonine  and  leads  to  a 
cl^isrer  differentiation  oi  the  methylgreea  staining  (Ibin^k,  1952). 

Througji  the  works  of  Kttmick(l947,  1952,  1955;  and  Hirsky,  1950,  and 
ithers)  It  has  been  established  that,»»thyli3P««tt  selectively  stains  the  highly 
polymerized  form  of  DKA,  while  pyronlne  stains  the  RNA  and  the  DNA  which  has? 
not  been  much  polymerised.  Therefore,  the  structures  containing  DNA  are  stained 

-  ry- 


grAcn  or  ***««,  and  tha  placaa  wbate  MU  ta  locallaad  la  ataliwd  tad. 

The  distribution  of  IWA  In  the  cells  was  controlled  by  a  conparlson  of  two 
«*ct;itws,one  of  which  was  preliminarily  treated  with  a  solution  of  rlbonueleasa 
which  ^specifically  fcydtolyaaa  the  «KA.  In  the  sections  treated  with  rlbcoucleaae 
staining  with  pyronlne  was  uaually  absent.  Staining  of  tttweturea  wltbsM(tb»a«raa« 
was  compared  with  that  after  the  faalgen  reaction,  tfclch  desionstrataa  the  D»A  In 
the  little  polymerised  form  (hydrolysis  with  1  »  HCl).  In  this  Investigation 
psr&nel  sections  stained  by  the  Hlssl  wethod  served  as  the  Morphological  control. 

taaults 

The  coMblnatlon  of  tha  red  and  green  atelaing  very  de«onstratlv«ly 
.fecws  the  laterrelatlons^^^  the  nucleua  and  the  cytoplaa.  of  cells  end  the 
of  distribution  of  the  nucleic  ac Ida  In  the*  at  varlowe  augsa  of  the 
Fig*  1»2). 

The  nerve  tlaaue  of  JG-dajf-old  ambtyoa  constat  of  fl»e*cloaely  packed 
n<,«mblasts  which  after  atalning  with  •rthyl#^l»y«ooi«o  oo«lol 

of  vlolat  color  and  a  very  asutll  volui«  of  brlrfit  red  cytoplasm.  In  staining  by 
the  Nissl  method  the  cytoplaan  of  these  calla  ia  Indlatlngnlahabla.  In  aectlona 
exposed  to  the  effect  cf  rtbonuclease ,  no  MU  la  found  In  tha  callular  alewenta; 
the  cytoplasm  temalnacolorlesa,  and  the  nuclal  hecona  blulah  grean  (fig. 3).  tha 
iohomogeneity  !„  the  intensity  of  staining  of  tha  nuclal  baco»aa  prosiinent  In  all 
the  layers  of  the  cortical  plate.  Part  of  thao  la  atalnad  very  Intensely; 
anoeber  part,  more  weakly .  With  great  magnification  (obiactlve  120;  aperture 
1.30*10)  small  blue  grtauies,  which  give  the  nuelaua  aa  a  whole  a  blue  color, 

\sre  seen  in  the  Intensely  stained  nuclei  against  a  green  background.  In  the 


( 


V . 


Fig,  1.  Cells  of 
cortical  plate  of 
25-aay  old  robbtt 
fetus.  . Staining 
with  meihylgreen-py" 
ronlne  (pH  4,8).  In 
.  the  nuclei  —  Mk  and 
I  SNA;  In  the  cytoplasm 
I  —  SNA.  ■  Distribution, 
^  diffuse.  Objective, 
120x;  ocular,  lOx. 


2.  Cortical  cells  of 
2  cerebrum  of  1.5**montn 

old  rabbit.  Methyl- 
sreen-pyrontne  stain- 

_  ing  (pH 

DNA  is  concentrated 
\3  in  "tlie  peripheral  por-* 

JIft  iiSiF  iion  of  the  nucleoli 

StS^  and  In  the  chromatin 

_  clumps;  SNA  is  con- 

.  centrated  in  the  tl- 

groid.olumps  and  in 

v the  central  portion  o: 
^^1^  the  nucleoli.  Ob^ec- 

•  tlve,  120x;  ocular, 

“  '  ^  iO^ • 

3.  Keuroblasts  of  cortical  plate  of  25- 
day  old  rabbit.  Staining  with  methyl- 
tfroexx-pyronine  (pH  4*8)t  aftor 

clease  treatment.  ^®v^®®”coun- 

moved.  The  cytoplasm  has  not  been  coun 

terstained;  the 

DNA;  the  subependymal  elements  J^® 
est  In  DNA.  Objective,  120xi  ocular  lOx 


'  4.  Keuroblasts  of  cortical  plate  oa  25 

day  old  rabbit.  Peulgen  ^ 

cytoplsm  has  not  been  counterstalned. 

The  DNA  is  distributed  tnroughout  the 

. ^  .  -nncleSt,  and  there  p  a  particularl^^^^^ 

e  q-uantity  of  DNA  in  the  subependymal  elements.  Objective, 

cortex  tie  ISS;. 

•e>i  reaction.  Cytoplasm  ^ot  counterstalned.  dna  in 

S’°oSomtiS  ll° consider. we  BSA  1C  the  gllW 

luolel.  Objective,  120x;  ocular,  lOx. 


there  are  fewer  granule*  of  thla  kltHl. 

These  nuclei  have  a  pronounced  greenish  hue  and  are  located  chiefly  in  the 
..iddle  portion  of  the  cortical  pUte-.  The  intensification  of  the  greenish  hue 
of  the  nuclei  beco«es  even  n.ore  prominent  in  the  heuroblast  nuclei,  which  fona 
the  archlpalllvw.  ^^ich.  apparently,  is  associated  with  t  a  greater  degree  of 

differentiation  of  these  nerve  elements. 

The  Feulgen  reaction  in  the  tissue  cells  of  this  period  of  development 
1*  matV-edly  positive.  The  intensity  of  nuclear  staining  of  the  neurohlasts  is 
aimilar  to  that  with  however .  the  nuclei  have  a  core  homogeneous 

ippearance.  There  is  always  .  very  Intense  st.ining  of  the  nuclear  membrane. 

The  nerve  elements,  from  Which  archtpaUtum  Is  formed .  are  more 

differentiated  at  this  time  than  are  the  neuroblaats  of  the  neopelUx^..  They 
contain  a  large  nucleus  and  cytopU«a  with  lea  axon  alteadly  outlined;  in  certain 

nuclei  nucleoli  ate  seen.  The  histochemlcal  reactions  of  the  nuclei  of  these 
cell,  are  notably  weaker.  «d  the  cytopl.rn  which  he.  Increased  In  site  Is 
atalned  intenkely  In  the  form  of  a  fine-hardly  dlatlngulshable  granulation. 

This  Indicates  the  fact  that  with  the  diffferentlatlon  of  cell,  the  DMA  content 
in  the  nucleus  decreases,  and  the  KNA  content  in  the  cytoplaw.  Increases. 


W  should  like  to  point  out  that  the  variety  In  Intensity  and  hues  of 
staining  of  various  Cellular, structures; is  shown  nK>re  markedly  In  the  elements  of 
the  neopailium  by  comparison  vith  ihe  neuroblastS  of  the  archlpaUtum.  Because 
the  intensity  of  staining  depend,  on  the  nuantlty  of  nucleic  eclds  In  the  cell . 


imd  with  staining  even  on  the  degree  of  polymerltacxen  o. 

the  DSA  (Kurnick,  1947  ,  1950) ,  it  may  be  considered  that  different  degrees  of 


staifMbillty  of  Ac  neurelilMfc*  Indicate  different  level*  of  bioayatliette 

activity  of  the  cell.  In  the  elements  of  Che  archlpslliuei ,  vhlch  are  fi>ore 
«!lfftfentiaie<l  at  this  time  but  still,  apparently,  practically  vlthcut 

function,  the  biosynthetic  processes  are  less  intense ,  whereby  this  intensity 
is  eppro::i!nateIy  the  same  in  all  the  cells.  The  unequal  degrees  of  intensity  of 
staining  of  the  subependymal  elements  of  all  stages  of  development  also  leads  u* 
to  this  idea. 

The  ependymal  and  subependymal  cells  in  the  brains  of  the  embryos  give 
the  most  intense  reaction  both  with  met hyl^eess'pyronln*  and  with  the  Schiff 
cea^nt  in  the  Feulgen  reaction.  In  the  Cotmer  ease  the  nuclei  are  stained 
Ji\*c  (mixed  color),  while  the  rudimentary  homogeneous  cytoplasm  Is  stained  a 
bri^>.t  red  color.  With  the  increase  in  the  distance  from  the  ependyma  the 
atainlng  of  the  neuroblaat  nuclei  leaacne  •amewhac,  gradually  chenglng  to  a 
brli^tar  color  in  tha  middle  portion  of  Che  cortical  place. 

Seginning  wtiii  tdia  25th  day  of  aabryoganeaia  a  six- layered  structure 
of  the  mopallitsB  i*  distlnecly  aean..  Seginning  vith  this  time  and  up  to  the 
and  of  the  embryonic  period  (30  days)  thara  ia  a  rapid  Inctease  in  the  alea  of 
the  cell  body,  particularly  in  the  V  layer  and  in  the  structures  of  the 
ar ihipalllui:'..  Here,  the  nature  cf  stalnablllty  of  the  cell*  with 
pjroftine  la  changed.  The  diffuse  coloration  of  the  nuclei  tecome*  prograaaively 
brighter  and  greener.  -  -Wucleoli  and  chrotnatln  clumjis  are  seen  in  them  mors 
distinctly.  In  the  cytoplasm  there  is  an  Increase  in  the  number  and  aixe  of 
the  prsftules  which  are  atalned  with  pytonlne,  dll  this  la  laaa  pronounced  in  the 
ipper  cortical  layers ,  where  differentiation  ia  delayed.  Ourliig  the  eonrae  of 
the  first  four  days  after  birth  of  the  rabbit  a  bichromatlc  coloration  of  the 


nueUoll  !•  dlitlnctly  Mn  In  «U  the  celle:  red  (WA)  In  the  eentml  portion 

end  fteen  (OHA)  elong  their  periphery .  However .  the  keryopteea  etlli  bee  e  Mixed 

type  of  steimlng,  which  dlseppears  between  the  eighth  and  I5th  day  of  the  enimal** 

cftlls  of  the 

life  and  la  Maintained  longest  in  the/ll  layer  of  the  cortex. 

The  BeuroM  of  the  adult  anlmal  have  a  cytoplasa  containing  a  high 
IMA  content^  which  la  Included  lii  the  tigroid 'clumpe,  and  a  aoeleua  with  warioua 
chro«h*ei«  granulea  containing  WJA.  In  the  nuclei  one  or  two  blebroMatlc  noeleoU 
Arf  very  dietioet. 

The  picture  of  atalnlng  of  the  nueleolua  in  our  preparationa  la 

ic  complete  agrewsent  with  the  dlatrlhotlon  of  Ita  chcMieal  coaponanta  according 

bb* 

to  the  data  of  Inveatlgationa  of,yjCaapareeon  achool:  he  eetabllabed  the  fact  that 

tiis  iiiicleolue  eontaina  a  large  qi»a«tlty  of  «HA  aurrowodad  by  cluapa  rich  in  tWA 

at  the  perlphe^.  'The  tepreaentatlvea  of  thla  achool  bellave  that  the  nueleolua 
vnd  the  ehroBatln  eeaoclated  with  it  repreaent  eh  active  portion  of  the  nerve  cell 

during  protein  ayntheele  (Bydeoi  W43,  1955). 

In  the  eleiMnte  of  glial  tlaaua  of  the  grey  and  white 

ceieb.M®  of  adult  enimale  an  Intenae  green  etalnlog  of  the  nuelel  wil*  eiMill, 

alio  btthroMatlc.  nucleoli,  la  eaeo  with  •talnlns  by  the  irachet  Method.  The 

gli-ii  cytopU.tr.  U  s«all  In  volur^e  and  poor  In  WA.  Iha  nuclai  of  the  mlcrogUe 

eve  elvaya  »ore  conpect  and  richer  In  their  OHA  content  then  the  nuclei  of  the 

macrcBlia.  U  accordance  vj  th  this  they  give  a  very  poattlwa  Faulgan  reaction. 

The  natute  neuroBa  usually  give  a  weak  nuclear  reaction.  After  treatment  with 

the  schlff  reegent  only  the  nuclear  And  nuclaolar  outUnea  And  varlou.  ehro«atln 

grdCHiles  bdve  a  tad  color  (Fig.  5). 

Fron  what  has  been  presented  it  ia  seen  that  the  nuclei  of  neurobleata 


,s  M  th*  nuclei  of  gli*  of  twituire  tl8«ue  ««  richer  In  their  W«A  content 

then  *c  nuclei  o(  BeuTOn* .  The  tWA.  contone,  on  the  other  hfin.5  .  i#  greater  In 


According  to  the  «>orpholoslc«l  dete  of  A-S,  Pentsik  (B37)  .  A.S. 
ircitckoya  (1953)  and  A.M.  Ivanitekly  <1958  a,  b.  c>  .  differentUtlon  of  the  loner 
structure  of  the  neuron  body  was  co«pleted  b;  the  10th-l5th  day  after  the  birth  of 
tKe  rabbit.  By  this  tlise  the  chrewatln  substance  of  the  call  nuclei  changes 
item  a  dtffuee  state  to  a  state  of  concentration  in  the  various  structures, 
nowovef.  this  process  like  the  birth  of  the  cell  body,  I*  finally  co«cl.^ed  by 
as*  of  one  »onth.  tl^ia  is  reflected  alto  in  the  cytochettical  reactloh- 

Beginalns  with  the  mlddla  of  the  first  aonth  of  life  of  the 
rabbit  the  nature  of  the  wactiona  for  nucleic  acid,  change  little.  Only 
certsiln  difference*  are  noted  in  the  intanaity  of  staining  of  varleua  cell* 
un  the  cytoarchltectonic  layera.  they  ate  expreaaed  either  In  a  alight  increase 
In  the  stainablllty  of  the  karyoplaaai  of  certain  cells  or  in  ths  great  accuaulatloo 
of  the  granular  subetaoee  in  U»a  cytoplasm  near  the  nuelaua.  at  the  place  where 


-the  dendri tat  come  off. 

Itemfote.  tt  «.y  b.  »U  tl«t  S»ttn«  th«  eiwn*  o(  tjtochmlc.l 

of  tb.  ™rv.  <b.  «tu,.  of  dl.trlb»«o.  of  ooclolo 

m^slaopmtains  <^hange*.  fron  a  diffuse  dlbtrlbu- 

„U.rochts  t'.-oy  arc  organised  in  corresponding  structures  of  the  msture  newe  cell. 

Htru,  the  quantity  of  WA  in  the  nucleua  dec teases  coualderably.  while  the 

quantity  of  KSA  in  the  cytoplaae  is  increased,  gradually  reaching  a  level 
chatacterlstlc  of  cella  of  the  mature  animal. 


-  %3 


nitcMtios 

It  U  intert.tlng  to  cocpare  our  ob.erv.tlon#  -Ith  tho  biochwlcl  d«M 
on  .n.  b«>lo,ln.I  Ob, .on.  t.  h.n  b..n  ....bU.bnd  rbrt.sl.  bl~h«i«t 

...lyso.  t».t  th.  contbnt  o(  W*  .nd  ««  1"  *' 

.»|dl  of  d€v.lop~nt.  U  gadoollr  dootooto.  by  Ih.  ond  of  th.  ..bryooi.  p.tlod, 

....tho..  »  d........  dtttoo*,  ~t.  .f~>y.  •f»t  bi,«..  by  «-  «.  Of  «« 

«,„th  r.«h..  .  th.t«t.rt..lt  of  th.  «ul.  drtblt.  th.«l  TuU.  »d 

™r.U.io..  .ho«i  l»  »ork*  »«  '>»  (Shblnltdr*  “d 

Ch.pi~...  1«5.  “d  “  “•  *■ 

H.  r— by~.  d>o~d  th..  f.  th.  ....b»l  tor.«.  th.  tohteht  of  OU  1.  ht.h.r 

0.  a-  »a.-23rt  doy  of  -b.,o,.-.U  th»  «...  of  «d.  Ih.  1»  »d 

.re  0,0.1  Oh  am  »«.  d.y  of  »bO»«lt  dwoloy-...  1.  Om  .dolt  rtbblt 

,o».tty  of  l»  1.  .10.  .<«.  1—  —  «>“«  •'  *■’  »•••“«>»»  «“  ».d.,-.ld 

reatyo.  ».  oyto.h-l.rt  d.M  M.  U.  .M*l.t.  t  rt«.  Ml..  Ih  .o-.tlo« 

.fcrereopl.  »!.«.»•  d*  -II  “  0«  ‘•••hdlW  »'  ««  .y«»»->«rt  MM .100.  fot 

tm  ««  w  1.  o»  »d.n<«t.  .1— •  drt  am  ti..-.  .«  rt.!.  -i-i.  th. 
diff.reoo.  Ih  ft— hlMlly  — ,1.  tb.  —.toot  0*  thoM  — b.t— M.  !«  th*  t*ll*. 

I.  th.  -b-Ohl.  tlMM  «-  -11  MrthI  .M  ««.  Ih  Mht  “«» 

,0  th.  -tor.  oott...  Oh  th.  o«..th-d.  0«  ««l.l  IhtM.  tohtt—d.  Md  »«.. 

p#r  "  ■  ■  . 

of  mk  \  unit  volmm  of  motart  tlisu*  t* 
in  DMA-  Boctuse  of  tbii  the  quontlty  or  DRi*  \ 

cotisi^etebly  less. 

Ih,  .0lh.ld.0t.  of  cyto.h«lc.l  ~d  bto.h-l.rt  d.t.  .!«. -11 

ll,»,t,.«.  th.  lh..treU.lo.rtlP  of  th.  im  «d  ih.  WA  ..  ..tlth..  -tldd.  of 

doreUy-ot.  ...otdlh,  to  our  dore.  «;.  ,.«tlty  of  »*  !».«—  -‘th 

of  th.  fll.  «bll.  tho  ,-htl.y  of  MA  dMt......  «»»«>".  th.  .o-tlty  of  »» 


should  per  unit  Of  WA  in  the  nucleus.  'KsniAyan  hsa  show  that:  the  sutia 

mh/vm  nctosUy  ch*';i&es  aisrhodly:  in  tU  lO-dsy-old  enferyos*  ie  :U  to 

0.69.  While  in  thi.  10-dsv-old  rabbits,  w  2.8.  In  bi«ches>ie*l  Invest! gstloa^ 

the  total  ®»es  of  tissue  was  used;  therefore,  the  data  ate  average.  Out 

isicroscoplc  observations  show  that  the  ratio  MA/Wk  Is  different  in  diffnrer.t 

«rovipi»  of  nerve  cell*.  Thus,  for  *««s»ple.  in  a  large  gyiaaWal  cells  ef  the 

V  layer  of  the  cerebral  cortex  of  rabbit#  it- is  considerably  greater  than  to  'eh« 

»»«aU  pyramidal  cetU  of  the  ll-Xll  layers.  An  altegethaf  different  retartonsfelf 

occMrt 

betawen  ithe  W**  and  IJUA/in  the  glial  eleweats, which  are  rich  In  Ctt  and  poor  i» 

WJA. 

V-  ¥»-.  Brodskly  <B56>  has  e stab Uahad  the  fact  hy  si*® 
cytopboteMWttry  that  the  <tuaotity  of  KiA.to  tha^rea  depend#  on  tba.  sis®  of  £1*# 
aenrotv  Ttw  gs-aacet  the  #l»«  of  the  cell  body  tb®  bl^»er  tfe®  coataot  of 
vh«refom.,  wilb  slt^t  varl^illty  In  eb«  USA  content  the  ratio  Wkfmk  la  in 
corr«l.at.<oft  with  the  sissa  of  th®  ©ell  a»d  sjjpawntly  is  aaioelatad  with 
furtctlonaJ,  sAspsiflcsftoe  of  cells  of  dlffetont  dlaantions*  tha  dat*  of  8d*tw» 
<}$56).  who  found  that  calls  of  the  **ae  narrow  fuoceioKal  groap  h***  otwilar 
volume  and  steiiar  cofisent*  and  concantratiens  of  iS»A.  aeiwa  as  ceaWt**ttow  of 
this. 

All  the  data  on  the  cytocheolcal .  sK>rpholo«ie«l  aod  £wnctto«»l 
of  the  cerebral  cortical  cells  show  the  close  InterreUttonshlp  of  th*  cbftwifetry, 
struc^ture  and  ftwetion.  The’  c.heolcal  change#  lead  to  the  oceurtaoc®  of  etsuctur#* 
needed  for  the  acco«plislmnt  of  the  function,  while  the  function,  in  its  tun*, 
everts  an  tofU^ence  on  the  further  development  of  the  sttucture  and  cheatom- 


(l«n  th..  1.  r.,ul»<  f.T  o- «W 

J.v.l<,p~»t  of  C.U..  I<  th.K  i.  oo  pl.y.lolo8lc«l  ..  th. 

co<„.po;«.108  ft«.  h<  d0..1«t-oot  th.  oh.o.o..  .,d  f««otlon.l  ..tut.t.on  of  o.U. 

Stop'.  ^  ‘  • 

Th.  -otpholostthl  -toftt””  »' 

iPjivt.iM.  fto.  pro......  of  ptotplP  .ppthe.l.!*Uh  th.  hucl.ic  «Sd. 

.ofo«h«a.y  pi.y  •»  ‘-I»«.ht  p.tt.  th.  ht,h  cootoo.  of  ™a  ..f  WA  to  th.  c.ll. 

ot  fiff.toht  .t.p..  of  onfoifoy.  .h."t"  -  A'"**' 

ottot..  t.  to  o«.P>.«  -."-"t  vlth  tht..  TH.  »A  .pp.t..tly 

.o  ln,.tt.ot  p.t.  dutt.,  th.  p..iod  of  di.l.lo«  th  th.  ,t0.th  o, 

fh.  t.n.,  Th.  tol.  Of  »A  )od*th*  hy  At.  „.»ui.tio.  Ah  th.  .,tOpl.»,  A. 
.h.,p.d  »Ath  th.  .8.  Of  th.  .pp...htly  .  th.  »*  1.  .!«>  A«PAhd.d  l» 

ptovidie*  tot  th.  .pooKlc  fhhotioh  of  th.  ■»...  c«U. 

Fto.  thi.  polht  of  vtw  At  1.  lht.t.«tAh»  to  .t»p«~  «k* '•>»>«•  Ah 

th.  oohfht  Of  »»A  Ohd  »A  dhtAh.  th.  00U«.  Of  d.«..p-ht  Of  -«  0....  .A«.  ^ 

1„  th.  «tlvAty  »d  4i..tAh«tA,h  of  .lU.A.rf.hd  ~Ad  ph..»t»t.».  - 

.htjiht.  htiAch  At.  t.l.t.d  to  ootloAo  ACld  t«trtoU.«. 

Phtlop  th.  ..tl,  p.ti.d.  of  d...l.p~ht  of  0.1lhl.t  .A«-.A.  th. 

.rtf.itv  of  th.  ..h.Uh«.hd  «ld  ph..ph......  »t.  .ho«,  oyto.h~Ao.Al,  diAthAOly 

to  th.  hot...,  Ahd  Ahh  oythfAhf  «-A»hA  A«dA..A.,oA~~l.  hf  »•  -« 

yolo...  Ah  th.  .dtor...*htot.  th.  h,V.U#pho.ph...~  foohd  A",  cytopl-; 
....  Ah  hot....:  chA.f.,  Ah  th.  hhoLoAh.;  th.  ~Ad  pho.ph.A~..  A.  th. 
„..,.oo .  Ah  th.  ol»pd  of  dlf«.t.ht  ,A...  hhd  Ah  th.  .hhA«Ah. 

h.hAhOvA.oh  (1«,>  .!„■  fOhhd  thhC  thet.  A.  .  hA.h  d.,-.  of  .ctA.fA,  of 
tht  „(d  „h0.ph.t...  Ih  th.  Phtctol..  COhAtAthtthg  tl»  p.tAph.t,  of  th. 


nuclet>lus  (rich  in  &«A)  and  ol  the  alkaliriCpl^osphaUse  in  the  nucleolus  ptnpet  of 

ike  nerve  cell^  of  the  guinea  pig. 

According  to  the  data  of  biochemical  ir.vest igations  (Chlrkovskaya , 

1956),  the  acid  phosphatase  in  the  cerebral  cortex  of  the  rabble  has  the  grea teat 
activity  at  tive  early  stages  of  developtient  during  the  course  of  ontogeny.  This 
coincides  with  the  highest  content  of  DHA  in  the  nerve  tlssxie  during  the  period 
of  the  bluest  activity  of  the  cell  nucleus-  tfo  relatlonahlpa  are  found  feetueeni 

th«  chisni^a  In  aettvity  of  th«  odd  pho»ph*t«»c  during  th«  coofM  of  ontogonV 

jsad  the  function*!  developtoent  of  the  nervou*  On  the  other  hand,  a 

cr«rt>l«fe  «gre«iscRt  is  found  between  the  activity  of  the  acid  phoaphataae  and 
32 

i'hfe  of  F  in  the  C»A  in  various  portion*  of  tha  brain  and  in  the  various 

pttieds  of  ontogeny  (Manukyan,  19SSa,  b;  Chirkovskaya,  1956). 

Change#  In  the  activity  of  the  alkalid/phosphatasa  coiaeide  in  tisM 
vltb  the  functional  Maturation  of  the  cewbral  eortea.  Tha  parallelian  in  the 
local iKat ion  of  alkalirt^ phosphatase  and  MA  In  the  cell  cytoplaan  aa  well  as 

•etlFlty 

th*  reJatlvely  hij^  degree  of  the  enayste  and  tlife  hlgfi  #IA  content  In  the  cytoplaa* 
and  nucleolus  of  the  nature  nerve  cella  can  indicate  a  relationship  between  the 
alKalfV' phosphatase  and  the  RNA  taetabolis*  and  the  participation  of  these 
substancss  In  the  accotapi i shins nt  of  the  specific  nerve  cell  function. 

Conclusions 

I.  A  study  was  mads  of  tha  cohtant  aiid  distribution  of  ouclatc  acids 
la  the  cella  of  the  cerebral  cortex  of  the  rabbit  brain  during  tha  course  of 
ontosieny  by  cytocbemical  oethods.  It  wal  astablishad  that  during  the  course  of 
cytocheoilcal  maturation  of  the  nerve  eUments  the  nucleic  acid*  and  nuclaoproteins. 


vhich  are  dtffuaely  dUtrlb«ted  in  the  neuroblaata  In  the  early  period  of 
erAryosanesis.  gradually  become  localiaed  in  the  corresponding  structures  of  the 

nature  nurona. 

2.  The  content  of  Wh  U  high  in  the  early  stages  of  development  and 
decreases  considerably  by  the  time  of  maturation  of  th.  nerv^cella.  the  »<A 

.  .content,  on  the  other  hand  increases  vlth  the  growth  of  the  “cell  body,  and  it 
is  greater  the  larger  tW  volume  of  cytoplasm. 

3.  ctocW^lcl  ol,,«tv.ttc«,.  In 

3...,  In«n.»  Ih,  ,.,tICIn..tnn  n,  In  I^.n  «<  .nl.l».>  «”> 

■"■llf’S^iUtinnnf  tl..™  .  n~.«ln«  1.. 

fnn.  US  n««nln..IO.  1"  «“>"'■ 

nt  l.>/nl<.p».nt  In  pronUIn,  tnr  iM  wnlftn  ™ir«  n.U  f-ctlm.. 
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(Pr«!3«t\ted  at  the  conference  in  memory  of  the  Academician  A.A.  Zavaraln  16  April 
1959) 

P.V,  Makarov 

Chair  o£  general  biology  of  the  I.enlngrad  Sanitary  Hygienic  Medical 
Institute  And  the  Laboratory  of  Cytology  of  the  Leningrad  University* 
Modem  Methods  of  cytologlcal  analysis  make  it  possible  to  evaluate 
the  processes  occurring  in  cells,  which  previously  had  escaped  the  attention  of 
research  workers,  and  also  make  it  possible  to  interpret  mote  accurately  the 
pictures  dbsetved*^  l^  stated  applies  In  ^  to  a»p!hib^ 

T  oocytes,  which  for  a  long  tiaae  now  hava  been  one  of  the  favorite  biological  objects 
of  study  and  which  to  date  present  quite  a  little  Imtevwst  from  different  points 
of  view. 

m 

In  carrying  out  the  present  work  use  was  made  of /natural  Niscporiment*** 
which  has  been  ref Itted  by  thousaxids  of  years »  seasonal  Chengs’**  tn  the 
literature  devoted  to  the  charaeteristlcs  of  the  structure  and  development  of 
ova  of  organlaoms  with  complex  life  cycles,  such  as  amphibians,  the  proper  attention 
has  never  been  given  to  the  relationship  of  these  processes  and  the  period  of  the 
year«  Hot  uncottasonly,  a  study  was  made  of  an  •^abstract**  frog,  and  on  this  basis 
conclusions  were  drawn,  for  example,  those  dealing  with  yolk- formation*  the 
behavior  of  certain  nuclear/^ructures ,  etc.  At  the  seme  tisie,  an  abundance  of 
data  obtained  chiefly  by  physiologists  spealtf  for  the  fact  that  frogs  are 
different  in  a  number  of  essential  characteristics  and  properties  in  the  winter, 
spring  and  summer. 

7^  '  ■ 


Tlie  object  6f  study  consisted  of  ova  of  the  frog  Hana  tesiporerie  I« 

«t  different  s^mont  of  the  year  md  of  different  ages.  In  the  spring,  staattcr, 
end  «utuam  the  mirmln  «ere  caught  in  their  natural  habitats;  in  the  winter  they 
were  brou^t  to  the  laboratories  directly  from  their  places  of  hibernation, 

Ac  far  a©  possible  the  taaterlal  was  taken  inaaedlately  for  flssatlon.  or  experlsients 

perfomed  with  the  ada^ltiisttatlcn  of  isotopes .  (This 
was  carried  out  in  the  Laboratory  of  Histology  of  tin®  XEH  AHH  SSSE  /^stitute  of 

Esi|ierlJ8s®ntai  Mediciff!?<s  of  the  Academy  of  USSW*  headed  by 

?rofee«or  Ehinkln),  ^  , 

At  the  present  tim,  the  wethod  of  tagi^d  has  becom 

for  the  purpose  of  Inve^tifafeing  mmy  biological  :  iiws;lu4iti§ 

ala©  for  the  pwrposs^  of  evaluating  thsa*  n&etabelic  rata  of  awfe»t»e®e  imd  the  course 
of  its  warimsS' pfeaiBes,  Iffi  cytology  auto radiogra^y  has  ©ffonad  wp  iteat  , 
..fgiP^iMiitiasrs^  it  poaeilile  to  etv^y  iis^ltanaowely  cell  etrycturea  and  the 
of  wari€ma  ia^topea  in  then.,  this  s^ethod  auBkea  it  poaeible  to  deraonatrate 

.:h  M  tfie  f^tioisal  pr«^rlt»»  of  cells  which  previously  were '  wndetectahl^ 

35-  S2* 

In  this  work,  use  was  siad^  of  g  Mthlonineaisi  W  sodiun  phosphate 
solutions  of  which  were  inj©cted  Into  the  spinal  lynph  sack  in  all 

in  a  dose  of  nlcroeuries  per  %tm  of  wei^t  of  the  aniwai.  At  various 
intervals  after  the  injection  of  the  isotope  (frow  three  hours  to  30  days)  the 

ware  m^cd  and  ikmd  with  Eouln’s  fluid  and  10  percent  foss^lin  acidified 
;wii^  several  drops  of  acetic  acid,  the  embedding  was  accomplished  with  tarpinaol 
«fs4  p0.t»£Hn.  A  llf^t-senailtlve  emulsion  (In  eccotdcnce  with  the  inctruetlons 
of  the  HIKFI  ^tion  Picture  end  Photography  Scientific  Research  InstltutsJ) 

73  ’ 


w«a  applied  to  the  deparaffined  sections.  After  different  exposure  tines  (fwn 
one  to  16  days)  the  developing  and  preparation  of  the  autoradiographs  were 
perfonned’. 

In  those  areas  of  the  oocytes  in  which  the  isotope  understudy  was  taken 
up  black  lines  were  found  *•  tracks  or  traces  of  electron  pathways.  The 
autoradiographs  were  oounterstained  with  ala-n-caniilne  and  O.r  percent  aqueous 
solution  of  ■«tfeyla*‘e*n which  produced  a  good  color  contrast  and  did  not  stain  the 
asKilsion.  ' 

Along  with  the  autoradiography  use  was  nade  of  various  cytologleal, 

iaeludllttg  eytoehenieal ,  nethods.  In  the  present  work,  the  results  of  staining 

preparations  for  ribonucleic  acid  (SNA)  withaetk9!l|P^M>Apyronln•  according  to  tha 

Dana  and  with  aosin-SKure  11  according  to  tha  Maxlnow  awthods  {tl\a  control  natarlal 

—a  aapoaed  to  the  effect  of  rlbenuclease  and  hydr^^ia  and  !>  HCl  at  60®  for  flea 
■inutas)  wore  used  as  well  as  those  attained  with  fast  graan  (pH  2.2  and  pH  8.S) 

for  tha  purpose  of  denonstrating  the  total  and  the  basic  protatna. 

The  pictures  observed  were  delineated  by  aesna  of  a  drawing  appamtua 
mad  were  alto  photographed. 

The  number  of  nucleoli  per  aueleus  was  calculated  in  aerial  sactiona 
by  means  of  an  ocular  grid.  Only  nucleoli  more  than  two  mlcrona  in  diamatar  were 
taken  into  consideration. 

Uptake  of  laotopaa  in  Oocytes 

The  uptake  of  tagged  anino  aclda  in  the  oocytaa  of  the  frog  was 
investigated  by  Ficq  (1955),  Who  apparently  performed  hla  expertMnta  In  the  late 
winter  or  early  spring.  Ficq  notes  that  the  aynthesis  of  protein  proceeds  most 
actively  in  oocytes  of  average  size,  whereas  the  largest  ova  tike  up  anino  acids 


only  into  t:ie  nucleus  and  r«^iativeiy  slowly  at  that.  The  autoradiographic 

investigation  of  amphibian  oocytes  was  carrcd  out  also  by  Kemp  (1955)  and 
Pantelouris  (1958). 

The  absence  of  radioactive  sxilphur  in  the  yolk  bodies  of  birds  has 
been  noted  by  Shieh  Sher*pu  and  Pu  i«®en  (1958). 

According  to  our  data^  is  taken  up  by  the  nucleus  and 

cytoplasm  of  oocytes  of  average  si«e  both  in  the  case  of  adult  animals  and  In 
two-year-old  frogs  very  actively  during  the  susaaer  (June)  and  approximately  at 
the  sme  rate  (Fig.  la)  ^  that  is*  in  those  ova  which  reach  the  state  of  maturity 
the  following  spring.  These  oocytes  grow  In  an  active  manner,  and  the  proeesa  of 
vitellogenesis  proceeds  in  them  in  a  lively  manner.  The  uptake  of  tag^d  aalno 
acids  occurs  much  more  slowly  (Fig/  I  »b)  In  the  email  ooeytea  of  the  anittola, 

aeid»partieularly  ^  in  the  oocytes  of  the  osvt-'year-old  frog.  Therefore ,  the 
aynthesle  of  cell  protein*  occurs  most  actively  in  those  oocyte*  id^ich  can  heeone 

ready  for  the  ovulation  period  during  the  suneer  (Table  1). 

In  the  oocytes  of  afcedium  «l*e  in  adult  and  two^year^old  frog*  tkm  \3^tA» 

p32-phosphate  actively  also,  tagged  phosphotu*  in  the  period  under 

investtgatiott  (Kay)  i«  detected  chiefly  in  the  karyopla*8i  and  in  a  much  mealier 
lantity  in  the  cytoplasm  (Pig. 4, a).  i*  tekan  up  chiefly  in  the  phoaphoproteine 

which  is  indicated  by  the  results  of  reatoval  of  nucleic  acid*,  deaoKyribon^leeee* 
ribonuclease  as  well  as  by  the  treatment  of  sections  with  f^ve-percent 
trichloracetic  acid  (90  percent,  IS  minutes):  after  thi*,  the  number  of  track*  of 
on  the  autoradiographs  does  not  change  in  any  notable  fashion.  The  preaence 
of  protein  phosphorus  in  the  cytoplasm  and  particularly  In  the  karyoplasm  ha*  been 
confirmed  cytochemlcally  (treatment  by  the  Serr  and  Lope*  method;  eee  Boekin  eod 


Ig.  !♦  Uptake  of  S^S-nethionlno  la  frog  oocytes. 

)  growiag  oocyte  of  sexually  mature  frog*  Juae,  six 
ours  after  in^actloa  of  Isotopej  <  a®  q* 

)  oocyte  of  one-year-old  frog, 

)  part  of  nucleus  of  large  oocyte,  October,  six  hours 

fter  Injection  of  isotope;  Ac-n+r>nt> 

)  same,  72  hours  after  injection  of 

-  cytoplasm;  2  -  nucleus;  3  -  nucleoli;  4  -  tracks  or 
i35.  ^Exposure  time,  4  days;  preparations  counter stained 
rith  alum-carmine,  a  &  b  -  magnification  300x;  c  & 
lagnlficatlon  420x. 
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Levinson,  1957). 

At  the  end  of  September  to  the  beginning  of  October  the  prodMCtion  of 
cytoplasmic  structnreS  of  Ihrge  oocytes  1#  basically  eonpleted.  Ihese  oocytes  are 
filled  with  yolk  g,rant!les;  they  contain  plgnent  which  Mxks  the  aninal  pole. 

§  on  i  ne  is  taken  up  in  their  cytoplasm  In  a  ne^igible  quantity,  that  la, 

the  protein  synthesis  does  not  occur  to  any  ;  notable  extent  in  it.  At  the  same 
time ,  the  prodxKstlon  of  nuclear  proteins  continues  in  those  Oocytes ,  and  quite 

.35'  '  .  ■ 

actively.  This  can  be  jtidged  fey  the  fact  thht  thp  S  tracks  ate  found  in  the 
nuclei  as  early  as  six  hours  after  the  injection  of  the  Isotope  (Fig.  I, a). 

The  content  of  tagged  amino  acid  in  the  karyoplasm  increases  with  tim  (Fig.  1.  «)• 
The  same  picture,  in  principle,  that  is.  the  uptake  of  g®*->»netK.We 
chiefly  In  the  nuclear  proteins,  is  observed  in  large  oocytes  even  in  tl« 

subsequent  months  (Hovember-April) .  However  the  rete  of  uptake  of  the  amino 
acid  understudy  during  the  winter  months  decreeses  sharply.  Thue,  in  Hoveeiber, 
four  days  after  the  injection  of  the  isotope  It  can  not  yet  be  detected  in  Ibe 
nuclei  (Ftg.2,e);  this  can  be  done  only  on  the  seventh-llth  day  after  the  lajaetioo 
(Fig.  2,b).  Thirty  days  after  the  injection  the  accumulation  of  g**-methi‘o„,nt 
in  the  nuclei  is  very  considerable  (Fig.  l.c);«i;  therefore,  the s*inrati9« of 
tagged  sulphur  from  the  nuclear  proteina,  it  it  occurs,  ie  on  e  very  limited  oe*!** 
Such  a  low  level  of  nuclear  protein  synthesis  is  sialntained  even  in  the  subeequent 


months. 


Therefore,  during  the  winter,  beginning  with  October, 
practically  no  increase  occurs  in  the  mass  of  the  cytoplas¬ 
mic  proteins  in  the  lafge,  already  formed  oocytes,  which  is 
understandable  if  we  take  into  consideration  the  fact  that 
vitellogenesis  at  this  time  has  been  completed.  It  the^same 
time,  at  this  time  the  oompletlon  of  the  construction  of  nu¬ 
clear  proteins,  apparently  those  which  are  primarily  inclu¬ 
ded  in  the  nucleoli,  is  still  proceeding.  The  Intensity  of 
this  process  decreases  from  mnnth  to  month  (Table  2.)» 

'  .  Table -I.  ' 


Intensity  of  Upthke  of  s35-Methionine  on  Oocytes  of  the 
Prog  Depending  <Jn  Their  Age  (June,  6  Hours  After 
Infection  of  Isotope,  Exposure  Time  3  DAys). 


OABO.ietXB  . 
^Byx:iOTKH  . 


1)  Age  of  frogs;  2)  Number  of  oocytes  measured;  3)  JJame- 
ter  of  oocytes  (in  microns);  4)  Area  calculated  (in  thou¬ 
sands  of  square  microns);  5)  of  nuclei;  6)  of  cytoplasm; 

7)  Humber  of  tracks  per  hundred  square  microns;  8)  nucleus 
9)  cytoplasm. 


f 


Table  2 


Intensity  of  s35-Methionlne  Uptake  in  Already  formed 
Oocytes  of  the  frog  Daring  the  Autumn-Winter 
Period  (Humber  of  Tracks  per  100  Square 
Ittcrons  with  an  Exposure  Time  of  One  Day) 
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8)  Hovember- December;  9)  January-february. 


■  y-v'.v... 

'-“V 


.4;.  ; 

Jv,  ’  ; 

T-Ti’ 


.•«*  ■:'''i'r>-. 


Tig.  2,  Uptake  of  S^S'^Methionlae  in  the  nu¬ 
clei  of  large  frog  oocytes.  The  central  por¬ 
tions  of  the  nuclei  are  seen  on  the  micropho¬ 
tographs. 

a)  November,  four  days  after  the  injection  of  t^e  isoto¬ 
pe  ;  b)  the  same ,11  days  after  the  injection  of  the  iso¬ 
tope;  c)  the  same,  30  days  after  the  injection  of  the  i- 
sotope;  February,  30  days  after  the  injection  of  the  iso¬ 
tope.  1)  Nucleoli;  2}  s35  tracks.  Exposure  time,  4  days, 
preparation  stained  with  al\im-carmlne.  Magnification:  42x 


r-  .  ,  ' 

In  th*  •«»«  •i«*on,  bnginnlng  with  October,  .tops  being 

^eken  up  in  ell  the  resoeinlng  iBoderetw>  eised  end  maell  frog  oocytes  of  ell 
fgnb  (Fig.  3,e,  b),or  It  Is  teken  up  very  elowly.  As  e  rule,  the  tracks  of 

'  35  • 

S  ere  ebsent  from  the  cytoplasm  end  from  the  nucleus  any  interval,  even 

long  ones,  following  the  injection  of  the  isotope.  In  other  words,  these  isotopes 
go  into  a  state  of  '*eneblosia*\  so  to  speek,  or  a  /'diapause*'.  Such  a  reaction  on 
the  part  of  these  oocytes  is  understendabls  from  a  biological  point  of  view; 
if  their  growth  continued  in  the  winter,  they  would  hot  be  able  to  reeoh  the  proper 
degree  of  maturity  ec  the  time  of  spawning,  being  unable  to  peas  through  the 
.  i  •**8**  ®f  #yelepment  during  the  euaiser.  period ,  end  would  be  subject 

to  massive  etresia.  Incidsntaliy,  in  the  spring  such  oocytes  at  various  stages  of 
destruction  ace  <ivite  fre<tueutly  encountered. 

The  dlepause  of  the  moderete-elssi  and  small  oocytes  last  from  October 


to  the  end  of  Januery-beglnnlng  of  February.  Beginning  with  this  period  (here 
individual  variations  sire  observed)  S^-meiKioMnt  begins  to  be  taken  up  intensely 

in  the  cytoplasm  end  nuclei  (Fig.  3,e),  that  ie,  the  ayntheats  of  call  proteins 

4.  _  j  .  .  The  fact  should  bs 

is  renetwd  and  the  growth  of  oocytes  begins  again.  /emphasised  that 

clialnation  of  the  diapause  occurs  in  aaitsals  which  havs  not 

raeaived 

/  nutrition  and  which  ate  ettll  in  the  typical  "winter**  condltlona. 


The  intense  uptski  of  ,  in  oocytes  of  average  sias . 

beginning  with  JanuaryrFebruaty,  occurs  also  in  aubaequeht  months  (Fig.  3,d), 
reaching  a  maximum  in  the  auamar  period.  During  this  time,  considerable  growth 


Pig.  3.  Uptake  of  s35-metMonine  in  tko  oocytes  of  average 

2J0  • 

a)  October,  72  hours  after  injection  of  isotopes.  No  s35 
tracks;  b)  November,  30  days  after  the  injection  of  isoto¬ 
pes,  No  s35  tracks;  c)  February,  30  day s_af ter  the  injec¬ 
tion  of  the  isotope,  intense  uptake  of  S35  in  the  cytoplasm 
and  nucleus;  d)  April,  six  hours  after  Injection  of  the  iso¬ 
tope,  s35  uptake  in  cytoplasm  and  nucleus.  1)  cytoplasm; 

2)  nucleus;  3)  nucleoli;  4)  s35  tracks.  Exposure  time  four 
days,  preparations  counterstained  with  alum-carmine.  Ma¬ 
gnification,  200x. 
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MraM.  in  them,  and  they  are  converted  Into  large,  well  formed  ova. 

Later,  in  October,  all  the  phenomena  of  which  we  epoke  above  unfold  in  them. 

During  thf  winter  the  uptake  of  r  oocytea  of  all  . 

aisaa  atopa  completely  (Fig.  4, b,  c)i  Tagged  phoaphorua  cannot  be  detected 
either  in  the  cytoplaam  or  in  the  nucleue. 

Thua,  when  the  method  of  autoradlogrephy  haa  been  uaed  intereating 

aeaaonal  and  age  changea  in  the  inunaity  and  diatribution  of  cell  protein  ayntheaia 

in  the 

are  demonatrated  and,  therefore,  alao/growth  of  the  frog  oocytea.  In  the  large, 
well«*fotmed  oocytea  the  fomation  of  proteina  in  the  cytoplaam  atopa  almoat 
completely  by  October.  Kxssaver,  the  increaae  in  the  . mate  of  the  nuclear  proteina, 
including  the  nucleoli,  occurs  during  the  winter  months  (Movember-January)  on  a 
decreasing  acale.  The  average  and  email  oocytes  change  into  an  inaetiva  state 
(diapause)  beginning  with  the  end  of  September-beginning  of  October,  whereby  the 
synthetic  processes  either  stop  or  proceed  extremely  alowly.  Such  a  condition 
lasts  until  the  end  of  January-beglnning  of  February,  when  the  ooesytes  of  this 
siac  renew  their  growth. 

in  the 

Cbanges  in  the  Hueleoli  and/ntA  Content 
How  are  the  changea  in  protein  ayntheaia  of  the  oocytea  under  analysis 
reflected  in  the  content  of  nucleic  acids  in  them?  It  is  well  known  that  at  the 
present  time  the  reproduction  of  proteins  is  associated  with  nucleic  acids 
(Casperason,  1950;  Allfrey  and  Mirsky.  1957;  Allfrey.  Miraky  and  Oaawa,  1957  and 
others).  In  the  present  work,  we  will  deal  only  with  RNA.  the  problem  of  the 


Pig.  Uptake  of  isotopes  in  oocytes  of  the  Prog. 

a)  growing  oocyte.  May,  p32-. phosphate,  72  hours  after  in¬ 
jection  of  Isotope;  b)  oocyte  of  the  same  size,  November, 
p32-phosphate,  96  hours  after  injection  of  the  isotope;  c) 
sectian  of  nucleus  of  large  oocyte,  November,  p32- phosphate, 
96  hours  after  injection  of  isotope;  d)  section  of  nucleus 
of  large  oocyte,  November,  s32-methionlne,  30  days  after 
injection  of  isotope,  focussing  on  tracks  located  over  the 
nucleoli.  1)  cytoplasm;  2)  nucleus;  3)  nucleoli;  4)  S3.5 
or  P32  tracks.  Exposure  time  four  days.  The  preparations 
are  counter  stained  vrith  alum-carmine,  a  and  bymagnifica¬ 
tion  300  x;  c  and  d)  aagnificatlon  420x. 
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interrelationahip  becwean  protein*  end  desoityrlbonuclelc  ecid  of  the  nuclei  of 
emphlblen  oocytes  (Makarov,  1958,  1959)  deserves  separate  analysis  In  a  special 
article. 

First  of  all,  It  Is  necessary  to  become  acquainted  with  the  changes 
In  the  nucleoli  of  the  nuclei  of  large  oocytes.  The  fact  attract*  atUntion 
that  after  the  completion  of  vitellogenesis  the  number  of  nuclei  increases 
precipitously  (compare  Fig.  5,  a  with  Fig.  5,  c).  Thus,  in  September  there  is 
an  average  of  201  nucleoli;  in  October,  878;  in  Secember,  1236.  The  naxinnaa  number 
of  nucleoli  la  obaerved  In  January,  1673  per  nucleus.  In  other  words,  during 
the  period  of  Sep tewber» January  tftie  audbcr  of  nuclei  Increases  by  more  then 
’’Seven  times.  The  sise  of  the  nuclei  during  this  period  of  time  remains  more  or 
less  stable;  therefore,  in  this  case  a  steady  increase  in  the  mass  of  the  nucleolar 
material  occurs. 

these  observations  on  the  synthesis  of  the  nucleolar  substance  are 

In  full  agreement  with  the  data  of  autoradiography  (Fige4,d)s  The  tracks  of 
35 

S  -metkioiviFve  are  located  chiefly  around  the  ttuclcoli*  In  this  area  there  are 
one  and  one -half  to  two  tiroes  more  of  them  than  in  the  other  areas  of  the  nucleus. 

i 

1  Such  a  phenomenon  was  also  noted  by  Fic(|  (1955)  and  Fantelourls  (1958). 

In  the  nuclei  of  the  large  frog  oocytes  there  are  apparently  two 
generations  of  nucleoli.  During  the  period  of  vitellogenesis  the  nuclei  lie  at 
the  periphery  of  the  nuclei ^  directly  under  the  nuclear  membrane  (Fig.  5a). 

They  are  markedly  vacuolated g  rich  in  RNA  and  acid  proteins g  as  a  rule;  there 
are  few  basic  proteins  in  them  and  sometimes  there  are  none  at  all,  that  is,  after 


staining  with  fast  green  at  pH  8.5  the  nucleoli  may  remain  colorless. 

In  preparations  stained  according  to  the  Unna  .  method  it  is  possible  to  observe 
pictures  which  constitute  evidence  of  the  dissolution,  and  destruction 

of  such  hucleoll:  unevenness  of  the  outlines,  stainablllty  with  different  degrees 
of  intensity  up  to  preservation  of  only  pale  shadows,  etc.  In  October  oocytes 
are  encountered  in  which  part  of  the  nucleoli,  larger  and  variously  stained,  are 

located  at  the  periphery  of  the  nucleus;  others,  smaller  ones,  lie  in  the  center 
of  the  nucleus  (Fi^.  5b) .  forming  in  their  totality  a  Kind  of  ring,  inside  which 

there  are  chromosomes.  Beginning  with  November  the  nucleoli  are  localized  . 

exclusively  in  the  center  of  the  nucleus;  there  are  none  of  them  at  the  pertphe  y 

.^^^(^^g;;v^,p^.,-The.vacuol^.d^tcctable>^s<^hn^^^ 

nucleoli  are  rich  in  RNA  and  basic  pto^insr  W^ 

locations,  peripheral  and  central,  are  distinguished  from  one  another  not  only 
by  their  location  but  also  by  their  chemical  composition.  All  these  data  permit 
us  to  suppose  the  existence  of  two  independent  generations  of  nucleoli.  However, 
this  conclusion  still  requires  checking  and  further  argumentation.  As  a  matter 
of  fact,  sometimes  pictures  of  displacement  of  the  large  peripheral  nucleoli 
toward  the  center  of  the  nucleus  are  encountered.  The  degree  to  which  this 

phenomenon  is  a  regular  one  should  be  clarified  by  further  investlg^ 

Ve  should  emphas^e  the  fact  that  the  increase  in  the  mass  of  nucleoli 
occurs  after  the  synthesis  of  cytoplasmic  proteins  stops  in  the  oocytes,  which 
we  can  judge  reliably  by  the  autoradiographic  data.  This  observation  contradicts 
the  assertion  made  by  Caspersson  (1950)  ,  according  to  whom  an  Increase  in  the 
mass  of  nucleoli  is  characteristic  of  cells  with  an  active  protein 

synthesis.  In  the  oocytes  of  the  frog  the  opposite  phenomenon  occurs;  during 

■-] 
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the  period  of  formation  of  the  yolk  the  nucleoli  are  rela¬ 
tively  few  and  show  signs  of  dissolution?  after  vitelloge¬ 
nesis  stops  the  mass  of  the  nucleoli  increases  considerably. 

Pros  the  end  of  January  to  the  beginning  of  February 
the  number  of  nucleoli  in  the  nuclei  of  large  oocytes  de¬ 
creases  somewhat  because  of  a  degeneration  and  apparently 
a  dissolution  of  them.  This  process  begins  with  the  nucleo¬ 
li  located  in  the  peripheral  area  of  their  central  accumula¬ 
tion.  Here,  an  infinite  number  of  very  small  nucleoli  — 
’’nucleolar  dust”,  is  found.  The  reduo tion  or  even 


Pig.  5.  Seasonal  changes  in  the  number  and  location  of 
nucleoli  in  the  nuclei  of  large  oocytes  of  the  frog. 

a)  September,  nucleoli  few;  located  at  periphery  of  nucleus; 

b)  October,  appearance  of  small  central  nucleoli; 

c)  December,  nucleoli  are  many;  they  are  located  in  the  cen¬ 
ter  of  the  nucleus.  Fixation  according  to  the  Helly  me¬ 
thod;  staining  according  to  Unna  method;  magnification,  70x. 


ce««atioti  of  protein  eyntheele  in  the  nucleoli  during  thie  period  ie  confirmed 
by  the  reeulte  of  eutorediogrephy  (Fig.  2»d). 

It  i«  very  difficult  to  evaluate  reliably  the  aeaeonal  changes  in 
the  nucleoli  of  the  nuclei  of  /  ind  imall  oocytes.  Here,  they  are 

often  very  small  and  their  location  is  changeable.  Further  investigations  are 
needed  to  show  any  essential  rules  and  regulations. 

A  reduction  in  the  basophilia  of  the  cytoplasm  of  the  oocytes  during 
the  course  of  vitellogenesis  has  been  noted  by  many  authors.  This  phenomenon 
is  usually  explained  (Brachet,  IB47;  Fnutres— Firlcfyn,  1951 »  and  others)  by 
the  distribution  of  a  constant  quantity  of  iNA  in  an  increasing  volume  of  • 
cytoplasm,  that  is,  it  is  considered  only  epperent.  At  the  seme  time,  a  number 
of  research  worker#  does  not  share  this  vle%?point  and  describes  the  consun^tion 
of  RMA  during  the  course  of  formation  of  the  yolk  (Pavlova,  1952,  1959aj  Durand, 
1952;  Petrova,  1956;  Chubareva,  1957).  Xt  teems  to  me  that  references  to  an 
increase  in  the  volume  of  the  cytoplasm  as  tha  cause  tm  of  only  an  apparent 
reduction  in  the  RUA  content  is  unfounded  on  an  £  priori  basis.  As  a  matter  of 
fact,  during  the  period  of  considerable  growth,  that  is,  vitellogenesis,  the 
quantity  of  the  cytoplasm  proper  does  not  increase,  while  the  increase  in  the  size 
of  the  oocytes  proceeds  through  the  accumulation  of  the  deutoplasm  —  yolk  granules 
--  in  them. 

During  the  course  of  oogenesis  in  the  frog  pictures  are  observed  Which 
evidently  speak  for  a  loss  of  RNA  during  the  course  of  vitellogenesis*  Before 
the  onset  of  this  process  considerable  1D)A  is  present  in  the  cytoplasm  of  the 
oocytes ysnd  it  is  distributed  uniformly  throughout  the  body  of  the  cell.  With 
the  formation  of  yolk  granules,  Which  begins  from  the  periphery  and  spreads  to 
the  center  of  the  oocytes,  a  disappearance  of  the  basophilia  la  observed  Which 


had  been  produced  by  the  presence  of  RNA*  KHA  is  found  In  a  progressively  decreasin 

quantity  In  the  perinuclear  and  cortical  areas  of  the  oocytes  which  are  free  of 

yolk*  A  marked  reduction  in  the  content  of  liNA  during  the  course  of  vitellogenesis 

may  not  be  accompanied  by  any  considerable  increase  in  the  slsie  of  the  oocytes 

at  first.  Afterwards^  when  the  yolk  granules  fill  the  entire  cytoplasm  the  RNA 

can  no  longer  be  detected  in  it.  ^ 

How  does  the  content  of  cytoplasmic  RHA  of  the  average  oocytea  change 

during  the  ^•diapause”,  that  U,  during  the  period  when,  according  to  the 

autoradiographic  data,  the  synthesis  of  cell  protein  stops?  The  cytoplasm  of 

such  oocytes  possesses  an  active  basophillaj  In  other  words,  considerable  RNA  i 
^ height 
present  In  It.  Moreover,  basophilia  at  this  time  is  greater  than  at  the/ 

of  vitellogenesis,  "aus.  In  November,  the  pyroninophtlia  of  the  cytoplasm 

is  approximately  eight  times  more  intense  than  in  the  oocytes  of  the  same  size 

In  July.  (The  Intensity  of  pyronlne  staining  was  evaluated  according  to  a  ten-plus 

scale  with  the  use  of  special  standards  and  a  comparator  microscope). 

Therefore,  in  spite  of  the  very  widespread  opinion 

(Btachet,  1947;  Caspersson,  1950;  Taanev,  1951;  Tranev,  1958  and  others),  the 
richness  of  the  cells  in  RNA  does  not  In  Itself  speak  for  the  fact  that  a  processs 
of  Intense  synthesis  of  proteins  Is  occurring.  Ihither,  the  high  content  of  RNA 
attests  to  the  opposite,  that  Is,  a  decrease  in  the  synthetic  activity  of  cells. 
Cells  rich  in  RNA  are  capable  of  beginning  protein  synthesis  under  the  proper 
conditions:  they  constitute  a  kind  of  charged  storage  battery.  During  the  course 
of  this  synthesis  the  RNA  is  used  up  "(Pasteels,  1948;  Makarov,  1955;  Puchkov,  1959, 
and  others).  It  serves  as  a  source  of  specific  energy  necessary  for  building 
cytoplasmic  proteins  (Splegelman  and  Kamen,  1947).  However,  the  energy  reserve 


^cumulated  in  the  cell  in  the  form  of  RNA  rich  in  phosphate  bonds  does  not 
have  to  be  used  up  right  away,  which  is  seen  at  least  through  the  example  of  the 

wa  of  fldt  wo^  (Bogomolova,  1959;  Pavlova,  1959b). 

RNA  is  used  up  in  the  course  of  synthesis  of  cytoplasmic  proteins,  but 
at  the  same  time  as  it  is  used  up  a  process  of  RNA  resynthesia  may  also  occur. 
Usually,  the  formation  of  cell  proteins,  especially  when  it  is  proceeding  rapidly, 
Involves  a  reduction  in  the  content  of  RNA  in  the  cell,  but  this  phenomenon  may 
not  be  observed  in  the  event  the  rate  of  consumption  of  RNA  corresponds  to  the 
int^ivsity  of  the  process  of  resyuthesls  of  it* 

j 

Conclusions 

1.  During  the  spring-summer  an  active  uptake  of  S^-mctJuo*vmc  and 
sodium  phosphate  occurs  In  the  cytoplasm  and  nucleus  of  large  and  moderate¬ 
sized  oocytes  of  adult  frogs  as  well  as  those  of  two-year-old  frogs.  In  the  small 
oocytes  of  these  animals  and  in  the  oocytes  of  the  one-year-old  frog  the  uptake 

of  isotopes  occurs  ©ore  slowly. 

2.  Beginning  with  October,  after  the  completion  of  vitellogenesis 

in  the  cytoplasm  of  large  oocytes,  the  S^-metKic»ni«c  Is  found  only  in  a  negligible 
quantity.  The  ayntheaia  of  ii«cl*ar  protelne  continues  throughout  the  entire 
winter,  but  its  Intensity  decreases  from  ;  month  to  month. 

3.  Beginning  with  October,  the  small  and  moderate-sized  oocytes  go 
into  a  state  of  reduced  activity  (diapause).  At  this  time,  the  tagged  amino  acid 
Is  not  taken  up  at  all  in  the  cytoplasm  /  In  the  nucleus  or  is  taken  up  very 
slowly.  The  growth  of  oocytes  begins  again  with  the  end  of  January-beglnning  of 
February,  when  the  isotopes  administered  arc  again  found  In  them. 


{ .  . . '  ....  .  *  n 

I  jj  ■  ' . 

j  4,  W  fKojpKitt  1*  not  tttkmi  up  in  th«  oocytn*  of  any  olso 

I tbroui^out 'th«  ootirc  vintot. 

5.  Aftor  th*  eoncluaion  of  yolk>fonutioa  the  number  of  nucleoli  in 

i  ,  ^  'i  ■■  ■ 

;  tho  abcloi  of  large' obcytoe  eoneiderebly  increesea.  Probably,  two  ganaratidna  of 
nucleoli  are  fotwad  in  theta  nuclei  which  are  different  frcie  one  another  in  their 
iocaciona  at  well  at  in  chair  chtnical  conpoaition. 

6.  During  the  iliapaute,  when  Che  tyncheaia  of  cell  proteina  atopa  Che 
conCenC  of  BNA  in  the  i^coplaaei  of  Che  a»decace>aiaed  oocytea  la  greater  than  in 
Che  aumBer,/Ktive  period.  A  large  /  of  ISiA  in  the  cella  cannoe  aerve  aa 
an  index  of  a  high  degree  of  intenaity  of  protein  ayntheeia  in  Cham. 

7.  A  ntaaber  of  data  pemica  ua  Co  aaterc  that  SNA  la  need  up  in  Che 
cpurae  of  ayntheaia  of  cell  procainti  la  apparently  aervea  aa  a  aource  of  energy 
Jfor  aceoaipliahneac  of  chia  proeeaa. 
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2.  Beginning  with  the  middle  of  the  I9th  century  •  careful  mlcroBcoplc 

"  V.^ 

Study  of  tho  phenomena  of  cell  divlalon,  *  maturation  of  gametes, 

fertilltetlon  and  ontogenetic  development  of  the  aygote^was  begun.  By  the  end  of 
the  past  and  the  beginning  of  the  present  century  the  outstanding  a»l  mechanisms 
of  gnd  meloslstwhich  were  of  the  same  form  in  principle  and  characteristic 

of  all  organismSghad  been  studied  in  their  main  outlines  in  the  clastic  works  of 
a  whole  series  of  biologists  (for  example,  Strasburger,  1882,  1894,  1905;  Boveri, 
1887,  1904,  1909;  B.  Hertwlg,  1888,  1902;  Belajeff.  1894;  0.  Hertwlg,  1900; 

Sutton,  1902;  McClung,  1902;  ^avashin,  1899,  1914).  Here,  the  discovery  of  special 

nuclear  organelles  —  chromosomes  •••  which,  as  a  rule,  are  present  in  every  form 

of  living  organism  in  a  very  definite  number  of  pairs,  possess  typical 

site  and  structure,  and  undergo  reduction  during  me ios is  as  a  feature  cownon 

to  all  cellar  was  most  surprising.  Bven  in  the  cytoplasm  of  cells  there  are 

j  structural  formations  (mltochondrla^plastids ,  etc.)  irtvich  apparently  possess  the 

capacity  ^  the  chromoaomea ,  but  tha  chromoaomet  are 

undoubtedly  moat  carefully,  preciaely  and  constantly  diatrlbuted  between  the 

daughter  cells  during  division  of  the  materiel.  Therefore,  even  before  the 

development  of  experimental  genetics  and  cytogenetics  in  the  present  century, 

certain  research  workers,  for  example,  Boveri,  Wilson,  Kol*tsov,  McClung, 

Strasburger,  etc.)  came  to  the  conclusion  that  the  chromosomes  of  cell  nuclei  should 

of 

be  the  principal  carriers  of  hereditary  propertlas  of  the  species  or/the  form  of 
living  organisms,  that  is,  according  to  the  modem  ”cybemetlc”  terminology^  tlligr 
should  be  the  material  substrate  of  the  controlling  system  of  cells  and  the  code 


r  .  ' 

of  hereditary  informatioa.  With  the  devil opmeat  of  experirsental  genetic*  the 
chromosowal  hypothesis  of  heredity  was  proposed.  It  has  stopped  being  a  hypo the si* 
‘for  a  long  time',  having  been  converted  into  a  convincing,  hatoonloua  chroao*«»al 
theory.  One  of  the  conclusions  of  thi*  theory  is  the  recognition,  of  an  actually 
and  objectively  existing  linear  differentiation  of  chromoaoiaea  into  sections 
corresponding  to  elementary  hereditary  factors  *•  genes  (Srldgas*  1916,  1923,  1935; 
Morgan,  192?.,  1926,  1935;  Levitskiy,  1924;  Morgen,  S turte van t  and  Bridges,  1925; 
Wilson,  1925;  Muller,  1926;  Belar,  1928;  Stem,  1931;  flsBofeyev-lesovskly,  1931, 

:  1934,  1937;  OeTnerec,  1934;  Fainter,  1934;  Oarllagton,  1937;  Muller,  1937; 

Morgan,  1937:  Kol'tsov,  1939;  White,  1955).  This  latter  standpoint  was  a 
.  conclusion  based  on  a  tremendous/^'^^*^  of  genetic,  cytogehatlc  and  eytOlogleal 
experiments  and  observations  over/large  number  of  epecies  of  plant*  and  animals. 


At  the  same  time,  most  careful  cytologlcal  observations  of  the  atruetura  of 
dividing  and  resting  nuclei  (both  stained  and  living)  showed  a  continuous 


structural  Individuality  of  chromosomes  during  the  entire  life  cycle  of  tha  calls, 

.which  has  recently  been  confirmed  in  vivo  by  excellent  mlctaseopic  movie  films. 

The  experimental  ft**  ,  ■■ ..  1,1.,'  ninnr««« 

/  quantitative  study  of /spontaneous  mutation  process 


and  chat  induced  by  various  physical  and  chemical  factora  in  various  living 
organisms  which  have  been  developed  during  the  past  three  decades  has  shown, 

In  agreement  with  the  main  principles  of  the  chromosomal  theory  of  heredity, 
that  almost  all  mutations  are  changes  in  the  nuclear  hereditary  factors  and 
that  the  genes  possess  at  least  n  a  final ,  relatively  high  dagtaa  of  etability 
(for  example,  Muller.  1927,  1928,  1932,  1937,  1938,  1940,  1941.  1947,  1954a,  1954b 


“1 


.X,. 

f- 

Stadier,  1930,  1<232;  Stubbe.  1937,  1938;  Tiwofeyev-ltesovskiy,  1931,  1932.  193A 
1937,  lOAOa,  19A0c) .  Finally,  in  a  number  of  special  experiments  and 

observations  the  prtoacy  of  the  nucleus  was  estabUs»,ed  in  the  deteminatlon 

of  a  whole  aeries  of  special  propertUa  and  in  the  Rcneral  viability  of  the 

cells  (for  example ^ by  Kol*t8ov,  1935a,  b;  Aataurov .  1947 .  1958;  Pontecotvo.  1952, 
1957;  H^snerlinfi.  1953;  Stern.  1954a,  l95Afe.  1958.  19S8;  Brachet  and  Chantrenne , 
1956;  McClintock,  1956;  Ntrsky,  Osava  and  Allftey,  1956;  Ephrussl,  1958;  Lederg, 
1958). 

3.  Therefore,  even  at  the  beginning  of  the  19t.h  century  the  foundation 

had  been  laid  for  the  idea  that  a  precise  distribution  of  special  nuclear  organelles 
between  the  daughter  cells,  ,,  4  < 

-chromosoroes  —/Which  possess  the  capacity  for  reduplication  before  cell  division 

undyllos  ta  the  most  typical  property  of  living  organisms). 

Even  at  that  time  the  importance  of  chromosomal  material,  particularly  for  what 

we  now  call  the  controlling  system  and  the  code  of  hereditary  Information,  was 
,  .  ,  ...  ,, ...  •  ,  . ,  .  . _  In  , 

CDphaslaed  by  the  establishment  of  the  fact  that/many  organisms  the  sperm  cells 

arc  very  small  in  size  (particularly  by  eoroparison  with  the  ova),  and  their  heads 
(which  participate  In  fertilization)  consists  practlcilly  entirely  of  chromosomal 
material;  at  the  same  time,  all  hereditary  features  and  properties  of  the  Ipatemal 
individual  arc  transmitted  through  the  sperm.  In  1893,  at  a  routine  meeting  of 
Russian  natural  sc letrtists  and  physicians  in  lloscow  a  very  noteworthy  event 
occurred.  The  Moscow  chemist  A.  Kolli  gave  a  report  in  which  he  presented  his 
calculations  of  the  number  of  protein  macrbRoleculcs  In  the  smallest  sperm  heads 
(Molli,  1893).  Chemistry  of  proteins  and  other  organic 
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had  begun 

m^ctomolecules  /'  tn*  be  developed  only  at  that  tim;  therefore,  the  calculations 
of  A.Kolli  were  very  inaccurate  and  he,  perhaps,  somewhat  ovetestimated  the  average 
nimiber  of  protein  molecules.  However,  he  came  to  a  very  curious  conclusion: 

in  the  small  sperm  heads  the  possible  number  of  macromolecules  was  relatively 

'  r  •  ■ 

the  ■ 

small.  Because  .  number  of  het'edltary  features  and  properties  even  of  a 

imple  organism  should  be  quite  large,  the  recognition  of  the  need  for  associating 

the  transmission  of  each  hereditary  feature  with  no  more  than  a  single  molecule 

was  the  result  of  A.  Kolli^s  computations;  a  second  most  important  conclusion 

was  the  idea  that  at  the  basis  of  multiplication  and  heredity  there  should  be  an 

lutocatalysis  of  specific  molecules.  The  majority  of  biologists ^dld  not  direct 

attention  to  this  report  at  that  time,  and  in  any  case  they  did  not  take  a  serious 

attitude  toward  apparently  unnecessary  calculations  and  chemical  rationalisations. 

However,  this  report  made  a  great  impression  on  some  of  the  biologists  who  were 

young  at  that  time  and  among  them,  particularly,  H.K.  Kol^taov,  who  began  to  think 

of  the  physico-chemical  nature  and  the  principal  properties  Of  the  elementary 

biological  structures. 

4.  K.K.  Rol^tscv,  at  his  o«m  admission,  was  to  a  considerable  degree 
under  the  influence  of  A.  t$^Tt  idien  to  itevoted  a  ^  his  future 

experimental  and  tbeoreticid.  work  to  and  chemical 

mature  of  the  principal  structural  etements  of  the  cell  (iCol'tsov,  1936b).  A 

number  of  his  classic  experimental  investigations  were  devoted  to  the  statics  and 

‘  his  works  began 

dynamics  of  the  cell.  Beginning  with  1916/  to  appear^  devoted  to  the 

theory  of  the  structure  and  multiplication  of  chromosomes  as  well  as  to  their 
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controlling  activity  in  the  life  of  celle  and  ontogeny  of  multicellular  organlama 
(Kol’taov,  me.  1929,  1932,  1933,  193A,  1935a,  b,  1936a,  b,  1937,  1938,  1939). 

He  proposed  a  hypotheala  according  to  which  every  chromosome,  or  more  accurately 
its  basic  constant  structure  (called  a  genoneme  by  Kol'tsov  and  corresponding  to 
the  ehromonerae  of  cytologlsts)  constitutes  a  long  protein  micelle  (or  bundles  of 
parallel  Identical  micelles)  In  which  the  linear  molecular  structures  of  different 
degrees  of  complexity  are  connected  with  one  mother  by  relatively  simple  bonds ^ 
These  linearly  arranged  molecular  structures  correspond  to  the  individual  genes, 
according  to  N.K.  Kol'tsov.  The  nucleic  acids  in  certain  other  substances  were 
considered  by  M.K.  Kol'tsov  inconstant  "casings"  which  were  absorbable  by  the 
genoneme:  at  that  time  the  viewpoint  was  widespread  according  to  which  chromosomes 
did  not  contain  any  nucleic  acids  at  all  at  certain  stages  of  the  cellular  cycle. 

N.K.  Kol'tsov  ascribed  the  capacity  for  autocatalysls  to  the  micelles  of  the 
genonemes,  that  Is,  the  capacity  for  building  micelles  similar  to  itself  from  the 
chemical  materla.1  present  in  the  cell.  Such  an  Identical  reduplication  of 
genonemes  was  considered  by  N.K.  Kol'tsov  the  main  mechanism  underlying 
.multiplication  of  living  organisms.  Therefore,  In  addition  to  the  previous 
(associated  with  Ae  development  of  the  cellular  theory)  viewpoints, 
characterialng  life—  "omnis  callula  ex  cellule"  and  "omnls  nucleus  ex  nucleo"  - 
be  proposed  a  new  principle  —  "omnis  molecule  ex  molecule",  having  In  mind  the 
molecules  or  micelles  pf  the  genonemes.  According  to  N.K.  Kol'tsov,  a  regulated 
synchronous  autocatalysls  of  the  entire  set  pf  genonemes,  leading  to  longitudinal 
splitting  of  the  chromosomes  during  mitosis  underlay  multiplication.  Considering 


system 

the  set  of  chromosomes  the  main /con  trolling  the  development  of  the  cell,  M.R* 
Kol'tsov  believed  that  the  primary  products  by  means  of  i^ich  the  genome  of  the 
cells  carries  out  its  control  of  the  system  of  specific  syntheses  during  the 
ontogeny  of  various  cells  and  multicellular  organisms  are  the  result  of  repeated 
but  not  necessarily  synchronous  processes  of  autocatalysis  of  the  individual  genes 
which  occur  during  the  Intermitotlc  phases.  Therefore »  N.K.  Kol^tsov  developed 

a 

a  harmonious  system  of  ideas  concerning  the  principal  phenomena  associated  with 

the  chromosomal  structure »  their  participation  in  cellular  processes  and  cell 

foundation, 

division.  The  hypotheses  of  N.K.  Kol*tsov  were/^®^  without/  because  they 

were  based  on  the  results  of  a  whole  series  of  precise  experiments  i  and 

observations.  The  chemical  models  which  he  proposed  naturally  do  not  satisfy  us 
to  any  great  extent  at  .  the  present  time,  because  they  were  constructed  on  the 
basis  of  the  inadequate  data  concerning  the  chemistry  of  nuclear  structures 
available  at  that  time.  However,  his  general  conception  is  of  great  Interest  even 
It  the  present  time. 

5.  After  the  first  successful  experiments  of  G.A.  Hadson  and 
G.S.  Filippov  (1925)  bn  yeasts  and  G*  Muller  on  drosophila  (Muller,  1927,  1928) 
the  quantitative  study  of  the  process  of  mutation,  both  spontaneous  and  that 
produced  by  Irradiation,  proceeded  at  a  vigorous  rate  (S tad let,  1930,  1932; 
Tlmofeyev-Resovskiy,  1931.  1934,  1937,  1940c;  Muller,  1932,  1937,  1940,  1941,  1954a, 

1954bi  Stubbe,  1937,  1938).  In  connection  with  this,  a  new  possibility  appeared 

£  _  .nature  of  the  gene.  nature  of  the 

‘^studying  the/  Actually,  the/particles  and  structures 

which  were  inaccessible  or  difficultly  accessible  to  direct  observation  could  be 


judged,  to  a  certain  degree,  on  the  basts  of  a  quantitative  study  of  their  variationft 
The  first  method  used  in  this  area  was  a  quantitative  study  of  the  direct  and  ^ 

reversible  mutations  of  various  genes  under  the  influence  of  X- irradiation. 

Direct  gnd  reversible  mutations  of  a  whole  series  of  definite  genes  were  obtained 
on  very  extensive  material  and  in  various  biological  objects  (Tlmofeyev-Resovskly , 
1929,  1930,  1932-.  Patterson  and  Muller,  1930;  Johnston  and  Winchester,  1934; 

Giles,: 1955),  whereby  in  various  cases  either  the  direct  or  the  reverse  mutation 
predominated,  and  in  certain  cases  they  were  of  equal  probability.  In  various 
cases,  mutations  were  obtained  in  different  directions  within  the  llmlW  of  a 

series  of  multiple  alleles  (Timofeyev-Reeovskiy,  1932). 

,,  ,  The  possibility  of  obtaining  direct  and  reverse  mutations  under  the 
influence  of  such  a  physical  factor  as  lonltlng  radiation  Is  difficult  to  harmonise 
with  the  Idea  of  a  complex  multlmolecular  nature  of  the  gene,  but  it  Is  readily 
understandable  If  we  consider  that  tbe®®"7  physico-chemical  units  of  various 

sixes  (macromolecule,  micelle  or  a  more  or  less  autonomous  portion  of  the  micelle). 

A  further  method  of  study  of  the  nature  of  the  gene  was  the  biophysical  analysts 
of  the  physical  mechanisms  underlying  spontaneous  and  Induced  mutations.  The 
results  of  such  an  analysis  (Timofeyev-Resovskly ,  Zimmer  and  Delbruck,  1935; 
Timofeyey-Resovskiy,  1935,  1939,  1940a;  Tlmofeycv-Resovskiy  and  Delbruck,  1936; 
Timofeyev-Resovskly  and  Zimmer,  1941.  1944,  1947;  Zimmer  and  Timofeyev-Resovskly. 
1942)  along  with  a  consideration  of  the  phenomena  of  direct  and  reverse  mutations 
lead  to  the  same  conclusion  —  that  of  the ’feonomolecular"  nature  of  the  gene. 
Finally,  the  determination  of  their  sise  is  still  another  approach  to  the  solution 

J 
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of  the  problem  of  the  nature  of  Renes,  Here,  two  methods  arc  possible.  On  the  one 

hand.  It  is  possible  by  various  methods  (In  biological  ob.iects  which  have 

been  qiiitc  well  studied)  to  make  an  approximate  determination  of  the  number  of 

genes  .In  the  chromosome  and  of  the  volume  of  the  chromosome,  on  the  basis  of 

which  the  maximum  volume  of  the  genes  may  be  determined  approximately.  By  this 

method  we  come  to  macromolecular  dimensions  (Muller,  1926,  1935;  Alexander  and 

Bridges,  1928).  On  the  other  hand,  the  use  of  "statistical  ultramicrometry" 

with  the  use  of  the  results  of  Irradiation  Hitt 

different  liasitP  loalaMslw*  4*a*ltl«8  *1b9  Mtloe  It  yovslbl* 

to  determine  the  approximate  dimensions  of  the  submicroscpplc 

structures  or  the.  number  and  average  site  of  the  genes  in  the  chromosome  (Holweck, 

Ziianer  and  Timofeycv-Rcsovskiy,  1939,  1942;  Tlmofeyey-ReBovskiy,  1940a;  Burla, 

1940;  bca,  1946,  1947;  Fano,  1941;  Lea,  Haines  end  Bretcher,  1941;  Riehl, 

Timofeyev- Re sovskiy  and  Zimmer,  1941;  Bonet-Maury,  1942;  Zimmer,  1943; 

Tinofeyev-Rcsovskly  and  Z inane r,  1944,  1947;  Lee  and  Catchcslde,  1945;  Sommermeyer, 

1952).  By  this  method  it  macromolecular  dimensions  were  also  obtained  for  the 

genes.'  -  ' 

N.K.  Kol'tsov  s  idea  of  the  ’Hnicclle -like" 

6.  At  the  present  time,./ 

structure  of  chromosomes  may  be  considered  more  or  less  firmly 
established.  Further  genetic,  cytogenetic,  cytologlcal,  biochemical  and 
biophysical  investigations  have  the  gim  of  intensifying  our  knowledge  concerning 
the  general  nature  of  the  structure  of  the  chromosomes  in  genes.  With  this  aim 
in  view  a  study  is  also  being  made  of  the  fine  structure  of  chromosomes  in  various 


r  .  -  * 

stages  of  the  cellular  cycle  and  in  various  tisaues,  particularly  the  cytogenetics 

of  giant  chromosomes  in  the  salivary  glands  of  diptera  (Belar,  1928;  Painter.  1934; 

Bridges.  1935;  Muller  and  Prokof jeva,  1935;  Darlington.  1936;  Muller.  1938.  1940, 

C«tohaai4« 

1941,  1954a-.  Bauer,  1939-1942;  Sax,  1941;  tea  and/  ,  1942;  Thoday  and  Lea, 

1942;  Timofeyev-Resovskly  and  Ziinmer,  1947;  Taylor,  1953;  White,  1955).  The 
problem  of  the  possible  intragenic  subdivisions  and  intergenic  connections  Is 
being  investigated  by  genetic  and  cytogenetic methods  (Deinerec,  1933,  1938,  1956; 
Masia,  1954;  Dubinin,  1935;  Muller  and  Prakofjcva,  1935;  Delbruck,  1940; 

Raffel  and  Muller,  1940;  Muller,  1941.  1947,  1954a;  Pontecoivo.  1952,  1957; 

Stadlcr,  1954;  Green,  1955;  Bonner,  1956;  Levine,  1956;  McCllntock,  1956;  Delbruck 
and  Stent,  1957).  Finally,  a  number  of  very  interesting  trends  is  being  developed 
in  the  study  of  the  biochemical  and  morphogenetic  effects  of  genes.  On  the  one  hav 
the  development  of  the  method  of  injections  and  transplantations  of  discs 

in  larvae  of  insects  (Ephruss  and  Beadle.  1936)  has  made  it  possible  to  uncover 
a  number  of  specific  "gene  hormones"  and  to  show  general  deeper 

interrelationships  between  the  genetics  and  physiology  of  development 
(Kol’tsov,  1934,  1935b,  1938;  Ephrussl  and  Beadle,  1936;  Beadle  and  Ephrussl, 
1937;  Stem.  1954a.  1956;  Hadom.  1954;  Kuhn,  1956;  Mirsky,  Osava  and  Allfrey. 
1956;  Pontecorvo.  1957).  On  the  other  hand,  the  study  of  the  mutation  process 
in  a  number  of  bacteria  and  yeasts  (first  extensively  developed  in  the  works  of 


K. 


Lindegren  .  ^,adson)  led  to  a  detailed  analysis  of  the  so-called 
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dlrett  association  of  certain  genes  with  certain  cell  enzyrolc  processes  and 

Che  nature  of  the  primary  gene  product  (Beadle.  1045;  Dome  reck.  1945;  Tatun.  and 
Beadle.  1045;  Spiegeiman,  1946;  Splegelnian  and  Kamen.  1946;  Muller.  1947; 

Lindegren  and  l.lndegrcn.  1950;  Pontocotvo.  1950.  1952,  1955;  Bonner.  1951.  1956; 
Stern.  1956).  Finally .  most  recently  a  very  interesting  trend  has  been  developed 
on  the  study  of  genetics  and  biochemistry  of  cell  populations  in  tissue  cultures, 
which  also  apparently  is  making  It  possible  to  approach  closely  the  problem  of 
direct  intracellular  effects  of  genes  (NcClintock.  1956;  Braun.  1958;  Ephrussi, 

1958;  Lederberg,  1958;  Puck,  1958;  Stem,  1958). 

7.  It  has  been  established  (by  means  of  the  method  of  determining 

the  absorption  of  various  lines  of  the  ultra-violet  spectrum  in  chromoso  ) 
classic  works  of  T.  Caspersson  (1936.  1950.  1956)  which  have  already  been  performed 
that  nucleoQ  rote  ins  are  included  in  the  composition  of  chromosomes.  At 
approximately  the  same  time,  that  is, /the  second  half  of  the  1930  s  (Stan  y, 

1938)  pure  preparations  were  obtained  of  very  simple  viruses,  and  after  th 
„as  determined  that  viruses  and  phages  are  also  nuclecQproteins. 

A  whole  scries  of  parallels  may  be  drawn  between  genes  and  viruses  (true,  with 

proper  precautions  and  limitations)  (Demerec,  1933,  1938-,  Kostoff,  1936; 
Tlr.ofeyev-Rcsovskiy,  1940a;  lea  and  Smith,  1941-1942;  Riehl,  Rompe,  Timofeyev 
Resovskiy  and  Zimmer.  1943;  lea,  1946;  Timofeyev-Resc/vskiy  and  Zimmer.  1947; 
Muller,  1947,  1955;  Buzzati-Traverso  and  Cavalli,  1948;  Bonner,  19 5€>,  Pontecorvo, 
1957),  In  aviy  case,  undoubtedly  the  capacity  (under  certain  conditions)  of 
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(including  In  the  form  of  convariant  reduplication)  is 


coKwioh  to  both  groups ,  as  is  also  the  accomplishment  of  certain  biochemical 
and -morphogenettc  processes  in  the  cell.  Therefore;  it  is  quite  noteworthy  that 
both  groups  (ganes  and  viruses)  are  nucleoprotelns  in  their  chemical  nature. 

The  virus  protein,  devoid  of  nucleic  acids,  loses  its  capacity  for 

•irtiarmreAwl'tlaB}  ,  ,  u  j 

the  nucleic  acids  specific  for  certain  forms  of  phages  and 

bacteria  are  apparently  capable  of  synthesi«ing’'cheir  own"  proteins  in  the  cells 
of  certain  forms  of  bacteria  and  afterwards  of  multiplying.  In  connection  with 
this,  particularly  considerable  attention  has  been  given  recently  to  nucleic 
acids  and  particularly  DMA  (characteristic  of  bacteria  andi  nuclear  cell  structures) 


and  the  main  role  has  been  astribed  to  it  in. 


and  in  the 


controlling  activity  of  chromosomes  (Watson  and  Crick,  1953a>  b;  Crick  and 

Watson,  1954;  Delbrllck,  195^*;  Gamow,  1954,  1955;  Rich  and  Matson,  1954;  Gamow 

Crick 

and  Yeas,  1955;  Dubinin,  1956;  ’  1956;  Vol'kenahteyn,  1958;  Gamow,  Rich 

and  Yeas,  1957) .  The  question  of  whether  the  pure  species-specific  DMA  la 
adequate  for  the  complete  accomplishment  of  functions  of  control  and  transmission 
of  hereditary  Information  (characteristic  of  genes  and  cViromosomes)  or  whether 
a  structural  union  with  certain  proteins  Is  needed  for  this  (that  is,  the  formation 
of  species-specific  nucleoproteins)  Is,  In  out  opinion,  still  open.  However,  in 
any  case  it' is  clear  that  nucleic  acids  and  their  specific  with 

proteins  in  the  presence,  as  a  rule,  of  certain  prepared  nucleoprotein 

'  ’^matrices*'  constitute  a  general  and  fundaisental  principle  which  underlies 
identical  self -reproduction  and  the  phenomena  of  heredity  (and  %  of  hereditary 
variation)  in  all  living  organisms. 

8.  Therefore,  the  problems  of  the  nature  of  the  elementary  controlling 
(which  accomplish  auto rxp rod wctio*v  and  which  determine  the 

cell  structures 


r 

hereditary  properties  hereditary  variability  o£  living  organisms)  which  were 

opposed  at  the  end  of  the  19th  and  beginning  of  the  present  century  from  the 

general  biological  and  cytological  points  of  view  have  at  the  present  time 

assumed  a  very  specific  physico-chemical  form.  A  specific,  chemical-catalytic 

activity  and  (in  the  form  of  convariant  reduplication) 

(Timofcyev-Resovekiy,  Zimmer  and  Delbruck,  1935;  Tiraofeyev-Resovakiy,  1939, 

1940a)of  macromoleculcs  or  micelles,  vdiich  consist  of  nucleoproteins  in  the 

underlie 

structure  of  which  apparently  the  most  Important  part  is  played  by  DNA, 
life.  In  connection  with  this,  the  need  has  arisen  for  posing  and  carefully 

underlie 

investigating  the  problem  of  the  mechanisms  which  and 

the  specific  activity  of  these  “biological  raacrcmolecules’*.  This  has  been 

pointed  out  tepeatedly  by  biologists  and  physicists.  However,  the  great 

complexity  of  the  entire  problem  cannot  be  forgotten.  From  the  large  number  of 

careful  cytological  observations  and  cytogenetic  and  genetic  experiments  it 

follows  undoubtedly  that  such  phenomena  as  the  general  physical  mechanism  of 

mitosis  and,  particularly,  meios is,  homologous  conjugation  of  chromosomes  during 

meiosis,  the  cross ing^over  mechanism,  the  mechanism  of  formation  of 

chromosomal  reorganizations ,  the  mechanism  of  mutations  ,  the  formation  of  primary 

are  ; 

gene  products  and,  finally,  the  mechanism  of  reduplication  of  chromosomes /in  a 

certain  way  interrelated  and  have  a  common  basis  in  structure  and  in  their  method 

antoraproditetioa 

of/  of  chromosomal  macrcxnolecules .  Therefore,  at  the  present 

tithe,  it  is  hardly  possible  (  and  it  Is  impractical  to  attempt)  to  construct  a 
finished  theory  of  the  structure  and  physical  mechanisms  of  chromosomal  activity, 
virus  activity  and  that  of  similar  cytoplasmic  organelles.  However,  it  is  not 
only  possible  but  it  is  also  proper  to  attempt  to  make  an  analysis  of  the 

to5 
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Specific  physical  mechanlBBiB  associated  with  the  problem  of  a  attucture  and 

activity  of  the  principal  biological  controlling  and  convariafttly- reduplicating 

structures.  The  main  of  such  investigations  is  primarily  the  problem 

on  the  basis  of  certain 

cf  the  possibility  of  coitstructlng,;  /physical  pataweters,-  such 

models  of  specific  mechanisms  which  would  satisfy  the  requirements  made  on  these 
models  on'  the  basis  of  empirical  observations  (chiefly  with  respect  to  volume, 
time  intervals,  sources  of  energy,  the  nature  of  the  chemical  medium  and  the  forces 
participating  in  the  processes)*  The  construction  of  models  of  this  kind 
certainly  requires  the  very  close  cooperation  of  physicists,  chemists  and 
biologists;  they  should  mutually  acquaint  one  another  with  their  respective 
special  methods  and  material  to  such  degree  as  to  work  out  a  common  language 
and  adequate  mutual  understanding. 

9*  A  small  group  of  physicists  and  biologists  have  made  an  attempt 
at/combined  solution  of  certain  of  the  principal  problems  of  the  theoretical 

of  biologic*! 

inacromolecules.  In  subsequent  publicstlons  of  this  series  a  brief  description 
be  given  of  the  results  of  the  theoretical  analysis  (and  subsequently, 
partly  also  of  the  experimental  analysis)  of  such  specific  problems  the  solution 

of  which  is  absolutely  necessary  to  us  for  a  future  construction  of  ct  theory 

autoreprodwtlM  , 

of  '  .  .  *  and  specific  actions  of  elementary  biological  structures. 

.  10.  Finally,  one  other  comment  should  be  made.  This  year  we  are 

celebrating  a  double  Darwinian  anniversary:  150  years  since  the  date  of  birth 
of  Charles  Darwin  and  100  years  since  the  time  of  publication  of  his  •'Origin  of 
Species”.  Charles  Darwin  created  a  natural  historical  theory  of  evolution  of 
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living  organisms  on  our  planet,  discovering  the  principle  of  natural  selection. 

Just  as  the  principle  of  universal  gravitation  and  the  laws  of  mechanics  formulated 

' '  of 

by  Newton  created  the  possibility  .  constructing  a  harmonious  physical  picture 

of  the  world  so  the  theory  of  evolution  and  the  principle  of  natural  selection 

Strictly  scientific 

formulated  by  Darwin  created  the  possibility  of  constructing  a/ 

picture  of  living  nature.  Hodem  to  physics**  is  deepening  and  expanding  the 

physical  picture  of  the  wtld,  not  repudiating  but  rather  altering  and  perfecting 

the  tnacrophyslcal  Ideas  created  by  Newton,  In  a  similar  way,  the  Darwinian  theory 

of  evolution  is  being  made  more  precise  and  being  deepened  by  modem  cytological, 

genetic,  physiological,  biogeocoenologlcal ,  biochemical  and  biophysical  ideas 
TSmi  fast  that  the 

unknown  to  Darwin,  /principle  of  natural  selection  is  Inevitably  associated 

with  convariant  reduplication  of  macromolecules  and  stems  directly  from  it  is 

particularly  worthy  of  attention,  therefore,  the  discovery  of  the  mechanisms  of 

elementary  biological  structures/  a  considerable  deepening 

of  our  Ideas  concerning  the  mechanisnts  and  routes  of  evolution  and  the  further 

discovery  of  the  significance  of  selection  as  a  factor  creating  controlling, 

•’cybernetic**  systems  (Timofeyev-gesovskly  and  Rompe,  1959)  for  living  organisms 

(and  only  for  them  and  their  activity). 

11.  It  is  essential  here  briefly  to  detail  the  terminology  of  the 
.  '  We 'Use  ' ' 

phenomena  of  autoreproduction,  /the  term  ‘‘self-^ reproduction**  or  ••identical 
self- reproduction**  in  its  application  to  individuals  of  various  forms  of  living 
organisms.  The  term  **au  to  rep  reduction**  in  a  general  form  Is  applied  to  the 
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phenomena  of  autocatalyals  of  biological  macromoleculea  and  elementary  cytologlcal 
structvires.  Finally,  the  term  "convariant  reduplication"  characteriaes 
multiplication  by  means  of  duplication  <for  example,  longitudinal  splitting  of 
chromosomes  before  mitosis)  of  elementary  biological  structures  containing  a 
code  of  hereditary  informatlonv  "convariant"  designates  the  fact  that 

in  the  event  of  occurrence  of  mutations  the  appropriate  cytologlcal 

structure  or  biological  elementary  unit  (chromosome,  plastid,  mitochondria, 
virus  particle  or  phage)  reduplicates  itself  in  a  new  altered  form. 

Resume 

% 

The  history  of  the  gradual  formation  of  modem  concepts  of  the 
physico-chemical  nature  of  elementary  cell  structures  underlying  multiplication, 
the  control  Of  ontogeny  and  the  phenomena  of  heredity  and  hereditary  variation 
Since  the  end  of  the  19th  century  is  presented  in  brief. 
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XX.  B»8l«  for  tlM  Spiral  «f 

Qartaltt  Maoronoleoaloa  as^  Um  faaoioia 
Xaohanloa  of  Autoroprotaotioa  of  $ooox|'«  . 
rlboKuoIolo  AolOa 

pf  S.  T*  ]teo^k,'ta.  M,  m»m&  aed  G.  0.  Taltita. 

Department  of  Biophysics  and  Radiobiology  of  the  institute  of  Biology  of 
the  Ural  Affiliate  and  the  Deptrtment  of  'fheoretieel  Bhyslea  of  the  Institute 
of  Physios  of  Metals  of  the  Academy  of  Sciences  USSR^  Srerdlovale 

,  1.  As  a  result  of  the  progress  which  has  been  made  in  recent  years  In  the 

study  of  the  structure  of  polymers  it  has  been  found  that  macromoleoulea  of 
linear  polymers  which  are  construatad  of  several-  chains  hare*  as  a  rule*  a 
'  apii%l  shape.  It  is  specifically  these  polymers  which  constitute  the  basis  of 
the  elementary  biological  etruetures.  It  is  particularly  interesting  that 

ahape  of  twin  spirals  is  shown  also  by  molecules  of  desoxyribonucleic  acid 

'  '  ■  of ' 

(DRA)*  wbioh  plays  such' ah  important  part  in  the  life  /the  cell j  the  structure 
of  the  MA  molecules  themselres  Indicate  the  possibility  of  their  aytOKeiprodMction 
Aceox^ing  to  the  modern  views  the  basic  features  of  the  structufe  of  the  DMA 
molecule  amount  to  the  following  (Watach  and  Orlok,  1953as  1953b}  Crick  and 
Watson*  1954) •  Bach  Cf  the  two  chains  of  i>RA  eonslat  of  a  succession  of  nucleo¬ 
tides*  which  in  their  turn  consist  of  a  phosphoric  acid  residue*  pentose 
(desoxyribose)  and  a  nltrogeneous  base.  Ihe  nucleotides -are  different  from  one 
/another  in  the  type  of  base,  DRA  includes  four  nitrogen  baaist  adenine* 
guanine*  thymine  and  cytosine.  The  dhainsi  as  has  already  been  mentioned,  are 
coiled  in  the  form  of  a  twin  spirals  and  are  connected  with  each  other  through 
the  nitrogen  bases  by  hydrogen  bonds,  it  has  been  sho>m  that  in  the  DBA 
molecule  the  adenine  can  fowa  such  a  eonneetion  only  with  thymine;  guanine,  only 


vHth  cvtoaine.  Therefore.  althou.:h  the  eaccoer.lon  of  nuclcotido.e  in  the  two 

ont;  .4.. 

i)UA  chain:i  is  different,  their  erdcr  in/'  ci.ain  dotemines  tne 

poditiona  in  the  other  ciatn.  If  wo  imuGine  the  ctuiina  were  divided  end 
that  o  new  Chain  heGnn  to  te  bailt  near  each  of  them,  an  u  reault  two  twin 
apirala  would  be  created  which  are  Identical  vitU  the  orl/'inal.  However,  ouch 
an  explanation  of  the  au.to.ep.<,duct^cr.  :  prx. Cesn  of  h«A  i-uns  into  certain 
llfficultles:  it  is  not  clear  what  the  mechaniam  of  separation  is  of  the  chains 
which  are  twisted  in  a  spiral  shape.  A  number  of  works  has  been  devoted  to 
attempting  to  explain  this  problem  but  at  the  present  time  wo  can  not  consider  it 

solved  as  yet  (Bloch,  1955 S  ®amow,  1955?  Katt,  1955). 

Works  on  the  study  of  SNA  have  led  to  an  interpretation  of  Its-  structure 
and  have  made  it  possible  to  create  a  model  of  the  DNA  macromolecule  in  the  foim 
of  twin  spires.  However,  to  date  no  satisfactory  attem^  b^s  been  made  to  find 
an  explanation  for  the  advantage  specifically  of  this  form  of  J3NA  macromolecule 


from  an  energy  point  of  view.  The  simplest  explanation,  at  first  glance,  which 

connect  the  stability  of  the  DHA  macromolecule  shape  with  its  correlation 

wlbh  ^he  condition  of  least  deviations  from  the  optimum  valence  angles  and 

interatomic  distances  is  inadequate ,  b eoause  the  structure  which  we  observed 

is  hot  the  only  one  which  would  satisfy  this  condition.  Therefore,  we  have 

analyzed  the  problem  of  the  stability  lof  siTch;  structures  from  an  energy  point 

of  view,  A  strict  mathmetical  treatment  of  this  question  is  given  in  another 

place  (flishkln,  luchnik  and  Taiuts,  1959);  here, we  should  like  to  present  a 

drCLW 

qualitative  analysis  and/the  main  conclusions,  discussing  sons  of  the  biological 
consequences  which  stfem  from  them* 

2*  Let  us  consider  two  chains  of  particles  react both  with  the 
particles  of  the  same  and  with  the  particles  of  the  other  chain#  ^)hc  forces 
acting  in  the  molectilar  stn^ctures  possess  the  property  such  that  at  short 


diatance  the  Interactinc  p.irticlea  aru  rei<olled,  and  at  i'rt'Jtt  diat-uicu.;  tlic-i'  cr. 
attracted}  therefore,  the  i»oteiitial  eneri:.'/  of  the  ruuctiun  of  .two  rtfelua 
depend  inf:  on  the  diatance  between  them  chan(;ea  in  a  manner  aacU  ta?  ha«  hoen 


depicted  in  Pig,  1,  that  is,  It  hna  a  wln-'le  wlnimnm  which  incmuaec 
indefinitely  when  the  iKirtlclea  are  hroijj^ht  together  and  haa  a  tendency  to  go 
down  to  zero  when  they  are  separated*  Wo  should  IDce  to  call  to  mind  tho  fact 
that  the  state  corresponding  to  the  minimum  potential  energy  Is  the  atable  one. 


Let  U8  imagine  two  parallel  cliaina  of  particles  reacting  with  each  other 
(Pig*  2a).  Within  one  and  the  same  chain  the  energy  Of  the  reaction  lessons 
quickly  with  the  number  of  the  particles}  practically,  it  may  be  considered  that 
each  particle  reacts  onljr  with  the  two  neighboring  particles  of  the  same  chain. 


fts  far  as  the  reaction  with  particles  of  tho  other  civiin  is^conoornnd,  tho 
distances  and,  therefore,  tho  energy  of  attraction  hetwecn/cortain  pufticlfe  of 
one  chain  and  several  adjacent  particlea  of  the  other  c}iain  arc  qtiite  similar* 
Prom  this,  it  follows  that  a  well-defined  and  *****  distances  between  the  cnair 
particles  correspond  to  the  stable  state*  Therefore,  a  strictly  parallel 

irrangement^  the  chains  is  unstable  and,  therefore,  if  the  chains  are  arranged  in 
parallel  the  particles  would  be  displaced  in  such  a  way  that  the  distances  BA', 
BB*,  BC,  etc*  would  be  equal  (Pig.  2b)*  Here,  the  particles  would  be  arranged 
ai  the  apices  of  tstrahedra  of  the  ABB'C  type  in  Pig.  2b.  Therefore,  the 
stdble  configuration  should  correspond  to  a  number  of  tetrahedra  in  contact 
with  one  another.  With  the  reaction  of  each  particle  of  one  chain  with  four 


particles  of  the  other  tetrahedron,  they  should  cwne  In  contact  at  the  borders; 
thereby,  a  configuration  arises  in  which  the  particles  of  the  two  chains  are 
airanged  like  the  coils  of  twin  spirals  (Pig.  3).  Analysis  shows  that  this 
configuration  is  the  only  stable  one  for  the  model  \mder  analysis. 
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Therefore,  for  a  ayatem  conalatinjj  of  two  reacting  chains  of  particles  the 
Spiral  shape  is  aMj^evitabie  consequence  of  the  fulflllnient  of  the  elenientHry 
stability  conditions  of  the  stinjicture* 

We  should  like  to  note  that  with  the  reaction  of  each  particle  of  one 
chain  with  less  than  three  particles  of  the  other  ho  stable  configiaratlon  is 
obtained*  With  a  reaction  with  three  particles  (which  corresponds  to  contact  of 
the  totrahedra  alorit^  the  ech;;es)  a  pair  of  spirals  is  obtained  with!  a  certain 
arbttrisry  orientation*  With  four  or  more  reactions  a  ri/^id  twin-spiral 
rtructure  is  obt-inod.  A  similar  analysis  is  obtained  from  equillbriujn  condit¬ 
ions  of  a  -spiral  conf l^iration  of  a  system  consist irift  of  three  chains*.  What 
has  been  stated  remains  justified  also  for  chains  consisting  of  particles  of 
different  kinds*  Here,  a  twin-spiral  structure  is  also  possible  in  which 
transverse  links  do  hot  intersect  the  axis  of  the  spiral,  which  resembles 

oven  more  the  MA  model  proposed  by  Watson  and  Crick* 

What  can  these  conclusions  give  ub  for  the  purpose  of  learning  about 
the  '  »  process?  At  the  beginning  of  the  article  mention  was 


strands  of  the  twin  DKA 


made  of  the  problem  of  separation  of  the 

Spirals,  which  can  be  considered  the  premise  for  ^he  main 

conclusion  of  the  present  work  amounts  to  the  fact  that  the  twin  spiral 
structures  correspond  to  the  only  minimum  potential  energy  system*  Hence,  it 
follows  that  separation  of  the  strands  is  praoticall^JfflPo_S8.iM.Ai  because  such 
a  separation  corresponds  to  an  increase  in  the  potential  energy  and  requires 
the  assumption  of  the  existence  of  a  prolonged  effect  of  controlling  forces 
(torques)  on  the  BKA  molecule*  therefore,  it  is  not  very  probable  that 
reparation  of  the  strands  is  something  different 

again  if  we  imagine  that  the  soiaration  occurs  during  or  after  '  i 

Vecause  the  equilibria  conditions  for  a  system  which  arises  thereby  will 
naturally  he  different.  .Ve  assume  that  the  separation  of  the  chains  occiyra 


IIP 


during  reduplication,  beca\ise  otherwise  it  wo\ild  be  hard  to  imagine  how  the 

conversion  can  occur  of  a  <:jiiaternar*y  spiral  into  tv/o  twin  spirals* 

lirtOFiiifdidmit  t  tMi 

In  this  case  the  following  mechanism  of  can  be  suggested, 

which,  natul'ally,  is  not  the  only  possible  one,  low  molecular- 

weight  precursors  are  attached  to  the  ONA.  out  the  longitudinal  links 

between  them  are  not  formed  until  the  "aatrix'*  (mother  molecule)  collects  all 
the  material  for  the  purpose  of  building  the  daughter  molecules.  The  separation 
of  such  a  quaternary  structure  is  entirely  possible,  because  not  all  the 
longitudinal  associations  in  the  SNA  molecule  are  covalent,  as  was  shown  in  the 
work  of  Sekker  and  Schaehman,  1954  •  In  accordance  with  the  SNA  model  which 
they  proposed  it  consists  of  minimum  chemical  units  of  a  relatively  low 
molecular  wel^t  connected  with  quite  weak  electronic  bonds,  whereby  the  sites 
of  these  "dynamic  breaks"  are  at  different  points  in  the  two  chains,  which 
produces  stability  of  the  molecule.  Therefore,  with  the  opening  of  the  dynamic 
breaks  the  splitting  into  two  SNA  molecules  can  occur  entirely  in  a  manner  such 
as  has  been  schematically  represented  in  Fig,  4,  A  reduction  in  the  ion 
concentration  in  the  surrounding  medium,  which,  as  we  believe,  should  occur 
after  the  attachment  of  the  prseuraora  to  the  maternal  chromosome,  can  contribute 
to  this  opening.  It  is  interesting  to  note  that  in  the  work  of  P.  8,  Zyryanov 
(1959)  the  idea  is  presented  that  a  reduction  in  the  ion  concentration  should 
lead  to  a  cessation  of  the  effect  of  .  homologous  attraction  forces 

between  the  chromosomes.  These  considerations  apeak  for  the  hypothesis 
suggested  by  Anderson  (1956),  according  to  which  the  events  which  acccanpany 
cell  division  are  related  to  changes  in  the  equilibrium  of  the  poly electrolytes. 

Certain  authors  (for  example,  levinthal  and  Crane,  1956)  have  analyzed 
models  in  which  an  untwining  of  the  old  spiral  occurs  simuj taneously  with 
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..  From  an  enerf^  point  ot:  view,  tnia  is  also  qnito  possible:* 
However,  we  ^^ive  profaro/ice  to  the  mwohunima  which  l.us  r.^'^/^onted 

I  (assembly  of  daiifjhter  straada  with  subacqueut  scpiirutloyi  t)iro\vih  dyn?-aflic  broaka) 
ibased  on  the  follow  in/:  ocnsiderutions.  Untwinin^i  requires  a  successive 
assembly  and  combination  from  the  ond  of  the*  molecule  (principle  of  the 

iiippcr)*  ^hereby,  the  procesivof  assembly,  to  be  nui'O,  aho^ild  be 
considerably  slower  than  straxiataneoua  assembly  thronghom  the  length  of 
the  mx  chain.  In  addition,  in  this  case  the  exi&tmce  of  a  special  controlling 
mechanism  Is  necessary  which  would  not  penait  the  onset  or 

in  the  abaenco  of  an  ad©qua,te  quantity  of  **raw  material*’#  Otherwise ,  bituationa 
would  occur  which  might  be  lethal  for  the  ceil#  Frellmlnary  assembly  without 
longitudinal  eonbination  laay  be  precisely  such  a  controlling  mechanism*  It  is  j 
interesting  that  certain  experimental  data  indicate  that  *  oi  i 

chromosoiaes  can  actually  occur  a  considerable  time  after  the  doubling  of  the  I 

Wk  content  In  the  call  (Schwarts,  1954|  ^sarapkln,  1959)# 

It  should  be  emphasized^  however,  that  the  conclusions  drawn  are  justifiable 
for  an  analysis  of  the  model  and  only  tentatively  j\jstified  for  actual  BHA  , 

molecules#  Here,  attention  should  be  dii^ected  to  the  fact  that  in  otir  model 
each  particle  of/  chain  reacts  with  several  particles  of  the  other 

chain,  because  the  Wat eon  and  Crick  model  considers  only  the  paired  reactions  | 
between  the  opposite  nucleotides*  However,  data  concerning  the  migration  of 

■  .  H 

energy  along  the  DKA  moleevile  for  very  great  distances  (Steele  and  Szent-Gyorgyl, 
1957)  speak  for  the  existence  of  reactions  (probably  of  the  resonance  type) 
between  purine  and  pyrimidine  baias  aj^ong  the  axis  of  the  molecule,  froof  of  the 
existence  of  such  reactions  would  eliminate  this  difference  between  our  model 
and  the  real  MS*.  In  addition,  the  surrounding  medium  should  exert  an  influence 
on  the  behavior  of  the  actual  moleculesi  this  was  not  taken  into  consideration  in- 


121 


Pig.  1,  Relationship  of  potential  energy  of  reaction 
■between  two  particles  v(r|  to  the  distance  between  them, 

r.:  '  ^  .  :  .  .  , 


Pig.  2,  Original  position  of  particles  in  model  under 
consideration  and  reaction  of  particle  B  with  the  other 
particles  (a) ;  arrangeiaent  of  particles  corresponding  to 
minimum  potential  energy  of  the  reaction  (b).  ; 
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Pig.  3.  pouf igurat ion  of  pair  of  chains  corresponding 
to  minimum  potential  energy  of  the  reaction. 

If  the  particles  are  arranged  at  the  apices  of  the  te- 
trahedra  which  are  in  cnntact  with  each  other  at  the 
borders,  the  chains  are  converted  into  coils  ox  twin 
spirals. 


Pig.  4.  Scheme  of  autoreproduction  and  separation  of 
the  MA  molecule.  A  and  B)  complementary  strands 
of  the  original  molecule;  A*  and  B’ )  newly  cons tioic- 
ted  strands;  p)  places  of  dynamic  breaks. 

1.  Original  molecule;  2.  new  nucleotides  are  attached 
to  the  original  filaments*  but  no  longitudinal  bonds 
have  been  formed,  thanks  to  which  separation  of  the  mo¬ 
lecules  is  possible;  3.  two  DIA  molecules  after  sepa¬ 
ration  and  the  formation  of  longitudinal  bonds  follow¬ 
ing  it. 


the  present  work  either,  the  subject  of  which  is  an  analysis  of  the  jnner  forces 
of  the  aystea. 

Concluaicna 

1.  The  stability  conditions  of  systems  oonsiatin/'  of  two  molecular  chains 
have  been  analyzed,  and  it  has  been  shown  that  under  conditions  of  the  model 
beiiiA  analyzed  the  system  has  the  only  minimum  potential  energy  corresponding 

to  the  twin-Bptrals  oonflguraUon. 

2.  A  hypothesis  has  been  proposed  according  to  which  the  attachment  of 

low  molecular  weight  precursors  to  the  original  molecule  occurs  ^ 

separation  of  the  strands  of  this  molecule  during  the  course  of 

of  DMA.  and  the  formation  of  longitudinal  bonds  i  Is  accomplished  after 

separation. 
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Mechanisms  of  Autoreproductton  of  El^mentagg; 

0^1  structures 

III,  The  Mature  of  the  Attraction  Forces  Between 
Ohromosomes* 

By  P.  S*  Zyryanov, 

Ural  Polytechnic  Institute*  Sverdlovsk^ 

1,  At  a  certain  Stage  of  maturation  of  sex  cells  during  melosls  an 
Interesting  phenomenon  is  observed  of  attraction  of  the  homologous  portions  of 
two  homologous  chromosomes  of  each  pair  (the  so-called  ’‘conjugation**).  The 
experimental  facts  indicate  that  the  attraction  is  mest  intense  between  the 
homologous  portions  of  these  chromosomes.  Actually,  if  a  ’’reorganization*’  of 
the  inversion  type  occurs  in  one  of  the  two  homologous  chromosomes,  for  example, 


under  the  influence  of  ionizing  radiation  the  intensity  of  the  attraction  forces 
in  the  area  where  the  inversion  occurred  weakens  substantially,  because  the  areas 


opposite  to  one  another  are  not  homologous.  From  this  it  follows  that  any 
attempt  to  understand  the  nature  of  these  forces  should  be  based  on  an  analysis  of 

the  chromosomes  as  spatial  structures* 

2.  As  far  as  we  know,  the  first  attempt  at  explaining  the  forces  of 


hcttologousatt traction  were  made  by  Jordan  <1938). who  considered  the  chromosome 
a  punctate  oaclllator.  If  Jordan's  results,  Which  stem  from  too  much 

simplified  a  model  of  a  chromosome^  can  be  transferred,  to  any  degree,  to  actual 
chromosomes,  it  should  be  done  with  great  caution.  Frlcdrich-iFreksa  (1940) 
analysed  a  spatial  model  of  a  chromosome  and  considered  It  to  be  a  chain  with 
diffuse  fixed  electrical  dipoles. 

It  seems  to  us  as  though  there  are  no  convincing  argianents  on  behalf  of 
such  a  model  and  its  stability.  Recently,  Yos,  Bade,  and  Jehla  (1957)  analyzed 
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a  more  complex  mac romolecular  model  (which  a  chromosome  is  essentially)* 

harmonic 

representing  a  system  of  oscillators  with  a  certain  frequency  spectrum 

concentrated  at  a  point  •'**  the  center  of  the  .  spherical  macromolecule* 

Tius  punctate  model  of  a  macromolecule  is  convenient  and  justified  for  a  description 
of  the  attraction  forces  between  the  macromolecules  located  at  a  distance  exceeding 
their  linear  dimensions*  Such  a  model*  as  these  authors  have  shown*  leads  to 
interesting  qualitative  conclusions  concerning  the  nature  of  the  attraction  forces 
between  the  macromolecules.  rnc  author  of  the  present  article  analyzed  (1959) 
a  more  general  model  of  a  chromosome*  free  of  defects  Inherent  in  the  models 
described  above*  and  gave  a  consistent  mathematical  treatment  of  this  model  on 
the  basis  of  the  method  of  collective  reactions*  The  aim  of  this  article 

consists  in  giving  a  more  readily  available  qualitative  presentation  of  the 
principal  results  of  the  work  mentioned* 

3*  Let  us  consider  a  chromosome  as  an  electrically  neutral  chain 
consisting  of  structural  groups  of  atoms  of  various  kinds.  The  chromosomes 

which  are  not  homologous  differ  from  one  another  In  the  number  of  structural 

In 

groups*  the  order  of  their  arrangement  in  the  chromosome  and  differences  In 
the  structure  of  these  structural  groups*  Since  the  chains  as  well  as  their 
constituent  parts  —  the  structural  groups  of  the  atoms  --consist  of  a  large 
number  of  electrons  and  atomic  nuclei  statistical  rules  and  regulations  are 
applicable  to  such  systems.  Specifically,  fluctuations  occur  in  such  systems  in 
the  density  of  the  atomic  nuclei  and  in  the  electrons  in  the  vicinity  of  their 
average  values.  This  picture  of  fluctuations  may  be  represented  in  the  following 
way.  Let  us  separate  out  an  imaginary  small  area  with  fixed  borders  within  a 
structural  group  of  atoms, and  we  observe  .  number  of  atomic  nuclei  and 

electrons  within  this  area  at  various  times.  It  turns  out  that  the  instantaneous 
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number  of  atomic  nuclei  and  electrons  will  be  different  at  different  tinea,  that 
is,  the  number  of  atomic  nuclei  and  electrons  will  undergo  fluctuatlone  (variations) 
in  the  vicinity  of  a  certain  average  value.  Since  the  number  of  electrons  and 
atomic  nuclei  per  unit  volume  undergoes  fluctuations  the  density  of  the  electrical 
charge  will  undergo  fluctuations  also,  and  the  density  of  the  electrical  charge, 
changing  in  time,  creates  an  electromagnetic  field  in  apace.  Therefore,  the  two 
chains  which  are  electrically  neutral  as  a  Whola  can  interact  through 
electromagnetic  fields  excited  by  fluctuatioss  in  the  density  of  the  electrical 
charge.  These  fluctuations  can  be  characterised  by  their  spectral  composition. 

Let  us  explain  this  by  an  example.  Let  us  assiane  that  at  a  certain  point  in 
space  there  are  two  closely  arranged  charges  of  opposite  signs,  and  the  distance 
between  them  varies  at  a  frequency  i  such  a  system  is  called  "a  harmonic 

oscillator".  If  at  this  point  in  space  there  he  placed  two  other  similar  charges 

which,  however,  vary  with  rfespect  to  eadb  other  with  a  frequancy  tOa.  *hA 

this  process  be  continued,  than  at  this  point  in  space  at  which  all  the  osclllatora 

range  .  ^  ■ 

are  located  the  density  of  the  electrical  charge  will  vary  with  a  of  fraquanela* 
of  to,  ,^)x.  •••  this  range  of  frequencies  is  also  a  spectral  charactariaatlon  of 
Sfluctoatlons  in  the  density  of  charge.  We  should  Ilka  to  note  that  harahy  wa 

are  not  taking  Into  consideration  the  reactions  between  the  osclllatora. 
Consideration  of  these  reactions  leads  to  a  change  in  frequenclas.  In  the  event 

of  s  study  made  of  the  fluctuations  in  the  density  Of  the  charge  in  the  chains 

we  can  imagine  these  fluctuations  as  equivalent  sets  of  harmonic  oscillators, 

whereby  the  frequency  spectrum  of  these  oscillators  is  determit*^ 

the  ^ 

rcction  th.  1.  «>«  C1..1.  dl.trU,utlo»  of 

particle  density  along  ttie  chain.  . 
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44  At  the  presei'it  tiiee,  quite  effective  suethcds  «  for  confuting 

the  frequency  apectruci.  Such  calculation^!  fiho%P  that  the  frequency  spectrum  of  a 
system  consisting  of  heavy  (atomic  nuclei)-  and  ll^t  (electron)  particles  has 

twd  branches.  One  branch  corresponds  to  the  slow  variations  of  the  heavy  particles 

oacillations)  ^  ^ 

(low-frequency  ,  and  the  other to  the  fast  oscillations  of  the  U^t 

particles  (electrons).  It  Is  not  hard  to  explain  this  situation  by  qualitative 

considerations.  Since  the  frequency  of  the  oaciliatlons  m  is  proportional  to  ttl» 

reaction  of  the  particles  and  invers-^^ly  proportional  to  the  mass  It  follows  from 

this  that  the  frequency  of  the  oscillations  corresponding  to  the  sROvement  of 

heavy  particles  will  be  small j  because  their  masses  are  great,  while  the 

electrical  charge  determining  the  Intensity  of  the  reaction  has  the  same  order  of 

magnitude  for  both  electrons  and  atomic  nuclei*  For  the  purpose  of  graphic 

clarity  of  the  relationship  of  the  oscillations  to  the  mass  an  essample  may  be 

ttm 

presented  with  a  wel^t  «us$pended  a  spring  (Fig*!)*  the  greater  the  wei^t 
at  a  given  spring  elasticity  the  lesser  the  frequency  of  Its  oscillations*  the 
low  frequency  oscillations  describing  the  moveingnt  of  atomic  nuclei  make  an 
Insignificant  contribution  to  the  intensity  of  tehe  electromagnetic  field  of 
fluctuations  by  comparison  with  the  hl#i**f«aqttancy  to  oaclllatlons.  this  occurs 

because  the  light  particles  (eiectrona)  follow  the  »ov«®ent  of  the  heavy 

■  toF 

particles  practically  Instantaneously  and  compensate  the  volijanetric  positive 

libia 

charge  produced  by  fluctuation  In  the  density  of  the  numbers  of  atomic  nuclei, 

4 

Tl\e  ht|Jti"frequiency  osctllationa  correspondllttg  to  the  movement  of  tfee  lig^t 
particles  lead  to  the  formation  of  the  greatest  voluaie  charges.  Aa  a  matter  of 
fact,  if  fluctuations  in  the  electron  density  occurred  at  any  point  In  the  chain 
the  atomic  nuclei,  Which  possess  a  great  maas,  would  not  undergo  any  notable 


displAcenent  during  tbe  exiatencn  of  thi«  fluotuntion  and  would  not  conpensate 

for  the  negative  electrical  charge  of  the  electron  fluctuation.  Ihla 

conclueion  indicates  that  the  electronagnetic  fluctuation  field  is  created 

chiefly  by  hi|J»~freqttcncy  oscillations. 

5.  Baaed  on  the  average  density  of  l*a  nuaber  of  alectrona  in  the 

chain  the  order  of  aagnltude  of  the  frequency  of  electronic  oactlletlona  cen  be 
eetlmeted.  These  oscilletions  cannot  t&  excited  by  thenaal  aoveisent  of  the 
particles,  because  the  energy  of  tSutmtl  aovewant  of  the  particles  RT  is  inadequate 

to  excite  e  quantuB  of  vibration  having  an  energy  of  h  (K.  is  «ke 

constant;  T-the  ebsolute  temperature;  fe-tfee  ?lanck  constant;  t/>-tha  mlnlBW 

frequency  of  the  high  frequency  oScllletlene) .  however,-  according  to  ttie  laws  of 

qusnttn  physics  even  at  a  temperature  of  T*0  there  la  a  final  value  of  the 

amplitude  of  bsclllatlonB,  the  so-called  “sBiplltude  of  aero  oecllXatlon**. 

Therefore,  the  elec tromegne tic  field  of  hi|^«-frequency  fluctuations  has  a  qusntws 

nature  and  in  practice  doe#  not  depend  on  the  temperature,  since  the  smplltude  of 
does 

s:ero  o»cillation»  not  depend  on  it# 

6.  Xet  us  examine  further  the  matter  of  the  reaction  of  twa  parallel 
chains  by  means  of  electrical  fluctuation  fields.  A  detailed  mathemetlcal  enelysie 
of  the  problem  shows  that  ettrection  forces  will  occur  between  such  chelns,  and 
the  magnitude  of  these  force#  will  be  proportional  to  the  degree  of  overlapping 
of  the  spectre  of  the  oscillation  frequencies  of  the  electromagnetic  fields  of 
these  chains.  For  identical  (homologous)  chains  the  spectre  overlap  completely 
or  simply  coincide  if  the  chain,  are  arranged  so  that  Identical  structural  groups 
of  atoms  ei*  opposite  one  another  (Fig.  2).  Therefore,  ttie  intensity  of  the 


f...  —  “I 

attraction  will  ^  greatest  specifically  In  this  case.  In  other  words,  the 
attraction  of  chains  is  of  a  resonance  nature  in  the  sense  that  when  the  oscillation 
frequencies  of  the  electromagnetic  fluctuation  fields  of  the  chains  coincide  the 
attraction  is  maximal.  The  qualitative  picture  of  the  reaction  phenomenon  of 
the  chains  can  be  clarified  througji  the  example  of  a  simple  mechanical  system. 

Let  us  analyze  the  example  of  the  oselllatlons  of  two  connected  wel^ts  (Fig.  3). 

left-hand  weight 


In  case  a  (Fig. 3)  the  axe 

(m)  causes  oscillationa  In  tiia  vii^t-hand  waij^t  («),  thereby  ^e  maximum 

the 

amplitude  of  oscillation  of  ri^t-hand  weight  reaches  maximum  amplitude 

of  oscillation  of  the  left-hand  weight*  lo  «*»«  b  (Fig. 3)  the  weights  are 

different,  and  the  maximum  ansplitude  of  oscillations  of  the  ri^t-hand  wel^t  will 

be  considerably  less  than  the  maximum  amplitude  of  the  left-hand  wel^t.  From  Ala 

example  it  Is  seen  Aat  Ae  effect  of  the  left-hand  system  on  Ac  right-hand  system 

will  be  maximal  when  these  systems  arc  identical,  Aat  is,  idven  Acy  arc  in 

case 

resonance.  K  similar  picture  Is  observed  In  Ae  ;  of  two  electrical  oscillators 
If  Ae  oscillators  are  Identical  excitation  of  one  of  Aem  will  produce  raaonance 
oscillations  in  Ae  oAer.  In  studying  Ae  problem  of  the  reaction  of  two  chains 
Ae  problem  essentially  amounts  to  an  analysis  of  Ae  reaction  of  a  large  number 
of  oscillators  of  one  chain  (representing  fluctuations  in  Ae  density  of  Ae 
electrical  charge)  wiA  the  oscillators  of  the  oAer  chain.  It  Is  not  hard  to  see 
Aat  here  Ae  maximum  reaction  *^Ae  chains  will  occur  In  the  event  Aey  have 
Ae  same  oscillation  8pectr\zD,  Aat  la,  Sre  in  resonance  or,  in  other  words,  are 
identical  (homologous)  and  homologous  structural  groups  of  atoms  are  superposed, 

■  ■  I 

■-.-I 
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as  is  shown  in  Fip,*  2. 

7,  IhercforOj  the  attraction  forces  between  the  honioloj'ous  chromosomes 
arc  pjoducei?  b;  the  reaction  of  t:  electromagnetic  fields  created  by  the  zero 
fluctuations  of  the  density  of  electrical  charge  in  the  chromosomes # which  may 
be  considered  neutral  macromoleculos  extended  as  a  whole.  These  farces  are  simlt’ar 
to  the  van  der  Vaals  forces  in  their  nature, 

B,  Let  us  analyze  further  the  influence  of  the  surrounding  medium  on 
the  reaction  between  the  chromosomes.  The  surrounding  mediuni  in  which  the 
chroii^-osomes  are  immersed  contains  aqueous  solutions  of  salts  which  are  electrolytes 
Between  the  chromosome,  t-diich  is  a  giant  mac romolecular  structure and  the 
electrolyte  It  is  natural  to  suppose  the  existence  of  a  contact  potential 
difference  creating  a  polarized  cloud  of  ions  (Fig.4),  When  such  structures  are 
brought  together  the  resonance  forces  of  attraction  are  equalized  by  the  coulomb 
forces  of  repulsion  between  the  polarization  clouds,  tlic  competition  of  these 
forces  can,  under  certain  conditions,  lead  to  the  fon'^ation  of  stable  bonds 
between  two  identical  chromosomes. 

The  magnitude  of  the  energy  which  must  be  used  for  removing  particles 

A 

-otD  one  another  to  quite  a  great  distance,  at  which  they  practically  do  not 
attract  ®®‘^-*’anothar,  is  called  “thd' binding  energy".  The  magnitude  of  the 
binding  energy  depends  on  the  coheentration  of  ions  in  the  medium.  It  may 

be  supposed  that  the  dimensions  of  the  ion  cloud  surrounding  th#  chromosome  will 
be  greater,  under  certain  conditions,  the  lower  the  concent»6tion  of  ions.'  Here,., 
the  coulomb  forces  of  repulsion  of  the  ionic  clouds  of  two  chromosomes  will,  at 
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l„  Him™*  “  of  a»  w> 

fluctuation  force*  ^  /*4«  5  cl.  1* 

««  tJ»«  Ion  concentration  (fi** 5.0 • 

..4  14.  A  reduction  In  *»• 

win  decreaae  ^  chaotic  «ove«e«t  o 

binding  energy  a  no  chronoso***  jc*cr**d  In  It*  «*gnltud* 

the  .olecul*.  of  the  -edl*  W-  ^  ^.croyed  by  tb*t».l  «oy*»*nt. 

bound  atate.  of  ibe  tuo  cbro«o.o«*.  can  be 

.  At  tbla  temperature  the  anawer  to 

Mm  to  0«  ““  “ 

Of  *.«»«  *»«-  •““•  *7rT'n.«. !» •>“ 

_.tM.  ..  -t  ....  .  -  •'  -  r  _  _  ^  . 

,  4  homologpua  cbromoaome*  can  form  bound  atate 

•"  _  .f  ^^:^.o..tf. .. «» -‘- 

,  coo.t«>t  ...rotut.  .a.  •  r.  ,  1„  th.  lo«  ooi>c.««.ti»'  of 

.  -a4m-  ka  a  reduction  In  the  ton  « 

one  of  the  cauae*  e  ebromoaome* 

A  duplication  of  *  *■*«*• 

the  medium  may  poaalbly  be  the  fact  o 

during  the  proceaa  of  cell  dlvlalon.  ^ 

10.  *  detailed  mathematical  analyaia  c^**  “  ^ 

CO  the  diatanc.  bet-een  the 

rr.ir-.-"-"”"-'— ““rr 

l«,vement‘*«tbeaa>Uculeaof«^^ 

'*‘*”“*  Xf  the  force*  of  chemical  attractt^ 

interacting  cbromoaomea  may  occur.  tvn 

l.eadbangeofbomolo.ua^t^^  ^ 

underlie*  croaalng-over  (normal  exchange  of  aectlon.  of  homo  ogo 

Apeclal  Inveatlatlon. 
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i;-,",-,  we  .8h<3:yld:  fjonitiulate  briefly  the  principal 

results'.  '.  v-v/:-;.,.,;-. -.•  .,  . ,. 

I)  T^ie  fitt^act  ion’ forces  belween  chromosooies,  which  may  be  considered 
r.acromoiccuies,' are  brotight  about  by  eiectrofeagnetie  fields  the  sources  of  which 
are  nuadtim)  hbc'tuatiohs' In  the  density  o.^ 

.  , ,  2)  The  potential  energy  of  attraction  between  chromoaomes  (the  binding 
energy)  has  Its  nia.ximim>  absol^  (with  conalderation  of  the  sign  this 

.Wrgy  is  minimal,  because  the forces  have  a  negative  sign)  fer  hdn® logo, 
ahroaiosotaes  ^ich  bpve  ,b,oniplogous  sections  superposed  on  them.  The  potential  energ; 
of  attraction  coincides  system  in  the  event  oif  iso tlibnn; 

processes..  In  actual  systems  conditions  are  always  realised  with  a  minimvm' f ree" 
'-'•energy,  that  iS;,,, the  homologous  chromosomes  will  come  together. 

3)  Ihe  dissolution  of  the  bound  states  of  two  homologous  chromosbr&s 
can  c><;cyr  ;When,there  is  a  redaction  in  the  concentration  of  the  ions  in  the  medium. 

a  local  approximation  of  cbrcmcsotnea 

may  .pccur-  under  the ,  influence  of  a  constdarable  fluctuation  in  the'  thermal  moTO^nt 
of  tbe,i  mplecvle.s  ^  approximation  possibly  underlies  the  ' 

fC,ro.ss_ingrpver  ,,p]henoiiDenon,,.  .  . .  .-n. 
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Fig.  1.  Very  simple  mechanical  model  illustrating  the 
relationship  of  the  oscillation  frequency  to  the  mass 
of  a  body  (m). 


f  .  -  ■  '  ■ 

Fig.  2.  Homologous  structural  groups  of  atoms  "super¬ 
posed”  on  homologous  chromosomes. 


ng.  3.  Resonance  fluctuations  of  two  weights  In  case 
a.  Jn  case  h,  there  Is  no  resonance. 


4- 


+  , 

Pig.  4.  Macroifloleoules  surrounded  by  polarization  cloud 
of  ions . 
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Piff.  5.  The  relationship  of  the  binding  energy 
chromosomes  to  the  ion  concentration.  In  case  a,  the 
concentration  of  ions  is  greater  than  in  case  h. 
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Tha  Mfechanlatna  of  Autoreproductton  of  Elementary  Cell  Structures 

V  _  _  ,  ‘ 

IV#  A  Singlft  |*686tbl6  M6chflinl8in  of  Itftdupllcation  of  Cbdln.  HoIocuIgs 

By  A#N.  Orlov  mid  S.N.  Fishman^ 

Departcjcnt  of  thaoretlcsl  physics  of  the  Institute  of  Physics  of 
Metals  of  the  Academy  of  Sciences  USSR. 

1#  Whereas  current  Information  concerning  the  structure  of  the  UNA 
molecules^  based  on  reliable  data  of  chtnleal  and  roentgen  structural  analysis^ 
quite  complete  the  mechanism  of  reduplication  of  these  molecules  remains  very 
unclear.  It  may  be  asserted  only  that  witli  an  approach  to  ^e  analysis  of  the 
mechanism  of  reduplication  two  facts  have  to  be  taken  into  consideration!  first, 
the  elementary  processes  vlilch  occur  during  reduplication  should  be  permissible 
from  the  viewpoint  of  the  geometric  structure  of  the  DNA  molecules  and,  secondly, 
the  entire  process  of  reduplication  should  occupy  no  more  time  than  the  time  of 
the  Interphase.  Further,  it  may  be  supposed  that  the  new  DNA  chain  la  syntheslaed 
from  individual  nucleotides,  t*ich  are  present  in  the  nucleus  at  the  beginning  of 
reduplication.  Taking  into  consideration  the  first  circumstance  it  must  be 
supposed  that  autocatalytic  reproduction  of  the  twin  DNA  spiral  with  accurate 
reproduction  of  the  sequence  of  nitrogen  bases  arranged  within  the  spiral  and 
screened  from  the  surrounding  medium  by  pentose-phosphate  groups  is  possible  only 
when  these  bases  can  react  with  the  nucleotides  of  the  environment  with  their  own 
chemically  active  groups.  For  this  purpose  a  break  in  the  hydrogen  bonds  within 
the  spiral  is  necessary.  Therefore,  it  must  be  supposed  that  the  reduplication 
process  Includes  three  stages:  1)  reorganization  of  the  twin  DNA  spirkl  with  a 
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transition  to  a  configuration  suitable  for.  the  construction  of  a  second  similar 

twin  chain;  2)  construction  of  the  second  ^'^^'’^chain  by  means  of  attachment  to 
the  original  nucleotides  from  the  environment;  3)  separation  of  a  new  chain  from 
the  old  one  and  a  transition  of  both  chains  to  a  normal  configuration,  ftese 
three  stages  may  occur  either  in  sequence  or,  in  part,  simultaneously.  Iti  the 
former  case  the  new  stage  does  not  occur  as  long  as  the  Whole  chain  has  not  gone 


throu^  the  preceding  stage.  In  the  second  ease  the  shift  of  stages  In  various 
parts  of  the  chain  does  not  occur  simultaneously,  so  that  at  any  given  moment  the 
new  chain  is  proceeding  only  in  individual  aeetions  along  the  axis  of  the  old 
macromolecule. 


2.  The  possible  mechanisms  of  the  first  and  third  stages  have  been 
discussed  in  the  works  of  Pllshkln,  Luchnik  and  Taluts  (1959)  and  Luchnlk  and 
Taluts  (1959).  ^ere  is  still  no  information  concerning  the  mechanism  of  the 

stagp,  and  specifically  it  is  unknown  whether  specific  forces  characteristic 
of  such  a  complex  physico-chemical  systems  as  the  cell  nucleus  act  during  this 
process  or  whether  autoreproduction  of  the  chain  DM  molecules  proceeds  by  means 
of  a  simple  physical  mechanism,  ihe  experimental  solution  of  this  problem  meets 
with  great  difficulty.  Therefore,  Its  theoretical  analysis  is  of  interest.  By 
means  of  conparing  the  results  of  calculations  with  certain  experimental  data  the 
correctness  of  the  model  selected  may  be  checked  and  an  approach  made  to 
elucidating  the  nature  of  the  reduplication  of  the  mechanism.  In  the  work  of  the 
authors  (1959)  an  attempt  was  made  at  such  a  theoretical  investigation  of  the 
second  stage  of  the  reduplication  process  In  the  supposition  that  this  stage 
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proceeds  simultaneously  along  the  entire  length  of  the  chain.  Then,  it  may  be 
analyaed  without  regard  for  the  mechanism  of  the  first  and  the  third  stages. 

In  the  present  communication  the  main  suppositions,  ideas  of  the  computation  and 
the  results  of  this  work  are  being  presented. 

3.  The  following  simple  model  of  a  physical  process  was  made  the  basis 
of  the  calculation  of  the  reduplication  kinetics  in  our  work  (1959).  Let  us  suppose 
that  the  nucleus  represents  a  spherical  drop  of  a  homogenous  fluid  with  a  viscosity. 
^  and  occupies  the  volume  V.  In  it  the  molecular  chains  constructed  of  particles 

(nucleotides)  of  four  kinds  are  arranged  haphassardly ,  as  are  also  the  freely 

Mf©  iKI  ,  ^  V  ^ 

^diffusing  particles  from  \d)ich  new  chains  constructed;  here,  the  number 

of  free  particles  is  somewhat  greater  than  the  number  of  corresponding  particles 

in  the  chains,  so  that  there  is  a  certain  excess  of  ‘‘building  material •*.  The 


a 

chains  arc  in  the  second  stage  of/reduplication  process,  that  is,  the  hydrogen 

bonds  are  broken  In  them  and  every  particle  of  the  chain  may  attach  a  free 

particle  from  the  surrounding  medium  to  itself.  In  other  words,  the  field  of 

chains 

force  in  the  vicinity  of  the  is  such  that  they  form  potential  pockets 

in  which  the  free  particles  may  enter.  Evidently,  the  depth  of  the  potential 

pocket,  which  determines  the  attraction  forces  of  the  particles,  depends  both  on 

the  kind  of  particle  in  the  chain  forming  the  pocket  and  on  the  kind  of  particle 

entering  it  (Fig.l)#  Let  us  designate  the  depth  of  the  potential  pocket,  which 

\  I  /  W 

is  measurable,  for  example,  in  electron-volts (1  evs23  kcal/mole)  by  |  ,  where 

j  designates  the  kind  of  pocket;  i,  the  kind  of  particle  entering  it.  The  particle 
entering  the  pocket  can  also  leave  It  if  it  acquires  sufficient  energy  throu^ 
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L  fluc.o..l»n  o.  ■r1.Vprol,.blll.,  of  U»tn8  U» 

pdcket  is  equal  to 


t  j) 


,(j) 


(»> 

V.  /! 

'  I  exp  -  &e^.  , 

~w. 


(1) 


where  V-'"'  is  the  frequency  of  oscillation;  k.  the  Boltzmann  constant;  T,  the 
absolute  temperature.  It  is  assumed  that  the  particles  entering  the  ne laboring 
potential  pockets  do  not  interact,  the  mechanism  of  circulation  of  the  neighboring 
particles  not  attached  to  the  chain  is  considered  to  be  diffusion  of  the  molecules 
in  the  fluid,  where  the  particle  is  at  a  certain  place  (more  accurately, 
accomplishes  its  thermal  oscillations  in  the  vicinity  of  a  certain  temporary 

equilibrium  state)  for  a  short  time,  and  then  moves  along  the  length  . 
in  an  arbitrary  direction  for  an  intetmolccular  distance  of  -the  order  of  S- 
Ouring  these  circulations  the  particles  collide  with  molecular  chains  and  enter  • 

the  potential  pockets.  . 

4.  The  .™*=r  of  p.rtIcU.  .nurin,  ft.  pot.ntl.1  p.ck.t.  P.. 

0.0  b.  cicoi.fta.  u  1.  ....I  “  ••'i! “ rr  ■  ° 

the  p.rtlcl..  (It  a.ter..lnes  ft.  "“ft  **'*  P"*.** '  " 

pock...,  C  1.  ft.  .»b.t  of  p..tlol..  in  ft.  flo“  •'  «» 

ft.  .....M  ftt.  .1  of  ft.  P.rtl.l..  10  ft.  flo“-  » 

by  ft.  vl..o.lt,  of  tb.  fluid  r)  .nd  ,  =.^_^  .  Tb.  co.fUcl.nt  .  obUr^ftrl. 

lb.  ft.,o.~V  Of  dl«fo.ir,  P.rtl.U.  "Ift  ft.  ft.ln..  *f»t 

.  .inpu  P.ttlol.  b..  .nt.t.d  .  P0t.bti1  ^“K.t  ft.  n-b.r  of  ft..  POcb.» 

to  »  =  1,  ftd  in  ft.  fluid  C  b.««».  on.  p.ttld..  Tb.t.for..  .t 

i  A  chain  the  nveober  of  ompty 

ft.  tl.. -ft.,  n  POt.ntt.1  P«o'»«  ‘  , 


140 


pockets  will  be  N-n/and  the  number  of  free  particles,  C-n.  Therefore,  the 
increase  In  the  number  of  n  particles  in  the  time  dt  which  are  resting  In  the 

potential  pockets  will  be  equal  to 

dn^s  <K"«>  (C-n)dt. 

The  decrease  In  n  during  thta  time  was  brou^t  about  by  the  particles' 
leaving  ("evaporation'')  the  potential  pockets  because  of  energy  fluctuation.  The 
probability  of  evaporation  of  a  single  particle  per  unit  ti«ne  is  detcmlned  by 
formula  (1).  and  IE  at  the  time  t  there  U  a  total  of  n  (t)  captured  particles 
the  complete  number  of  particles  evaporated  in  the  very  short  interval  of  t  «ae 


is  equal  to 

dn^z  n  V  cxp  )dt 

A  complete  change  In  the  number  of  particles  n  during  the  time  dt  is 

equal  to  the  difference  dn  equals  dni-dn^^.  Substituting  the  values  (2)  and  (3) 

here  and  dividing  by  dt,  we  obtain  the  differential  equation 

dn  8  Tt  (h-n)  tC*n)  »n  V  exp^  (4) 

,  .  ' .  ^  dt  ,  ■ 


Solving  this  equation  we  find  the  nm>ber  of  particles  which  are  in  the 
potential  pockets  at  the  time  t.  The  solution  should  satisfy  the  following  Inltlai 
condition;  the  number  of  pa:ticles  which  are  in  the  potential  pockets  at  the 
beginning  of  the  process  should  be  equal  to  ,  that  is,  t  (0)  equals  0. 

The  construction  of  the  new  chain  wlU  be  completed  at  the  time  t  >  t*.  where 
the  mm.ber  of  qaptured  particles  or.  which  is  the  same  thing,  the  number  of  pocket 


filled  is  equal  to  the 


total  number  of  pockets,  tliat  la,  h  Ct5>f)  equals  N. 


V 


_J..  ■  ■  ,  -l 

r  . 

BMNivsr,  tlM(  poAtlblllty  hiw  not  bt*n  cxeludcd  that  with  certain  valuta  of  Hit 

conttaate  Ineloacd  In  the  tipiaeion  (4),  n  (t)  ntvar  saachtt  the  value  «.  Ihlt 

ihouU  he  expected  In  a  cate  uhere  the  attraction  forcet  betueen  the  engulfed 

parelclet  and  the  chain  are  oo  weak  (the  potential  podketa  are  auparflclal)  and 

the  tai^ratute  la  to  hlih  that  the  partielea  do  not  ati?r  in  tha  pountlal  pockata 

for  any  lengdi  of  tlxa,and  In  the  couraa  of  tie*  a  dynamic  eguillbriua  la 

aatabllahad  between  the  e^tured  asXS  tha  free  partielea. 

5,  the  eguaalon  (4)  daaeribea  the  relatlonahlp  jt  (t)  only  for  the 

apaclflc  eaae  Uhere  there  aw  partielea  of  o^  kind  and  poeketa  of  one  kind. 

in  order  to  daacrlbc  a  procaaa  of  duplication  of  polynucleotide  ebalna  eonatrueted 

of  partielea  of  four  klnda  It  la  aaeeaaary  to  '  foxmlate  an  equation  of  type 

(4)  for  the  partielea  and  poeketa  of  four  klnda  (a  ayaten  of  ao-callad  lilnetie 

aquatlona") >  A  ayaten  of  l<  equatlona  with  1*  unknown  funetlona  la  obtained. 

The  aolutlon  of  aueh  a  ayaten  preaenta  conalderable  nathenatleal  dlfflcultlea. 

Hevertheleaa,  It  nay  be  expected  «»at  tha  principal  Aaractarlatlea  of  the  klnatlea 

of  ^  conatruetlon  procaaa  of  the  ehalna  will  becona  nanifeat  In  the  exanlnatlon 

a  ■ 

of  tha  conatruetlon  of /Chain  fron  partielea  of  two  klnda.  In  thia  eaae »  the 

vith 

ayaten  eontalna  four  equatlona  of  type  (4)*  However^  i  aueh  a  alnpllfled 

fomulatton  poaalble  to  aolve  the  problen  In  a 

general  fotn,  atrletly  aptaklng.  In  audi  eaaea  ^  nethod  of  auecaaaive 
approxlnatlona  nay  be  uaed,  which  anounta,*n  flrat,  to  finding  the  aolutlon  n.(t) 
of  the  alnpllfled  equation  (or  ayaten  of  equatlona) ,  aubatltutlng  Ala  ao-called 
aero  approxlnatlon  Into  the  rlAi'kand  portion  of  tha  exact  equation,  and  aolvlng 
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the  new  equation  obtained  in  this  way.  In  our  case,  we  are  introducing  the 
following  simplifications  into  the  aero  approximation  equation.  For  particles 
of  both  kinds  we  shall  consider  that  the  coefficients  of  collision  a  are  the  same, 
the  number  of  particles  (or  pockets)  in  the  chains  are  Nj  •  1^2  ®  N'»  i^e  original 
number  of  particles  in  the  fluid, Cj  *  :  C;  the  frequency  of  thermal  oscillations 

of  the  particles  V'l  *  Vj  =  V;  the  energy  of  the  particles  in  "their  ow" 

(the  deepest)  pockets  is  and  the  energy  of. the  particles  in  the  other 

pockets  s  but  1^1  |‘  Naturally,  at  the  beginning  of  the 

process  the  particles  will  raove  about  In  a  chance  manner  along  the  pockets  of 
both  kinds »  but  afterwards  the  less  firmly  bound  particles  will  evaporate  more 
rapidly,  and  in  the  course  of  time  a  configuration  will  be  established  in  which 
all  the  particles  occupy  the  deepest  pockets.  The  order  of  arrangement  of  the 
particles  of  various  kinds  in  the  new  chain  will  correspond  in  the  same  way  to 
the  order  of  the  arrangement  in  the  old  chain  if  the  potential  pockets  for 
particles  entering  **their  own**  place  are  deeper  than  for  the  particles  In  the 
other  places,  that  is,  if  j  •  ‘r*»en,  the  probability  of  leaving 

**their  own**  pockets  will  be  considerably  less  than  that  of  leaving  the  other 

pockets. 

6.  The  assumptions  which  have  been  listed  make  it  possible  to  simplify 
and  solve  the  system  of  kinetic  equations  in  the  zero  and  first  approximations  and 
to  obtain,  as  a  zero  and  more  accurate  first  approximation,  the  relationship  of 
the  number  of  pockets  of  kinds  ^  '  and  ^  to  the  time  ^  which  are  occupied  by 
their  own  and  by  foreign  particles  (Fig.2).  Even  through  the  examination  of  the 


T  ^ 

tero  approximation  It  becomes  clear  that  not  all  the  parameters  of  the  problem 

can  be  given  arbitrary  values*  It  turns  out  that  in  order  for  it  to  be  possible 

that  the  construction  of  the  chain  be  accomplished  in  a  certain  finite  time  the 
should 

following  condition  '  be  fulfilled* 

Preauency  of  break-outs  from  their  own  pockets  ^  Excess  of  particle  in  the  fluid 
Frequency  of  collisions  Number  of  pockets ^  (5) 

that  is,  the  particles  should  remain  quite  firmly  In  their  own  pockets*  In  order 

to  numerically  the  time  t*  for  the  reduplication  of  the  chain  It  is 

necessary  to  give  thfi  values  of  the  parameters  Included  in  the  system  of  kinetic 

equations*  Unfortunately*  many  of  them*  for  example  the  viscosity  of  the  fluid, 

are  known  with  a  very  low  degree  of  accuracy*  and  with  reference  to  the  binding 
energies  ^ 

U^^^  and  V\  It  can  only  be  supposed  that  they  are  of  the  order  of  1  ev. 

2  :  ,  .  ,  .  ■  ,  • 

Since  there  are  not  so  many  of  such  parameters  (U^^^is  not  included)  in  the 
solution  of  the  zero  approximation*  let  us  first  estimate  the  time  ^  in  this 
approximation  (equation,  7)  of  our  work  (1959),  using  the  following  values  for 
our  parameters*  The  temperature  T  *  300®  K  (room  temperature);  the  viscosity 
of  the  fluid  In  which  the  nucleotides  are  diffusing  is  of  the  order  of  the 
viscosity  of  water*  '  ^  •  0*01  gram/centimeter  second,  the  linear  dimensions  of 
the  nucleotides  E  «  10*^  centimeters.  The  diameter  of  the  nucleus  la  five  microns* 
The  number  of  particles  in  the  chain  is  10^;  the  number  of  chains  Is  10*  The 
binding  energy  is  of  the  order  of  I  ev;  in  order  to  satisfy  the  inequality  (5)* 
let  us  use  a  value  of  1*2  ev.  Then,  we  obtain  for  the  reduplication  time 


t*  S  107  seconds 


(6) 


r 

In  order  to  find  the  first  spproxioiation  it  is  necessary  to  know  the 
depth  of  the  other  /^foreigp”,  that  is  in  contrast  to  "their  own^/  pockets. 

I  (2)  I  /  I  (1)  /  (2) 

Evidently/  I  1  i  ^  I  ^  1  >  *  turns  out  that  if  we  assutte  that  U  j  *0.54 
ev,  the  tine  ^  t&at  is  obtained  is  the  same  as  for  (6). 

7.  Further  investigation  of  the  relationship  to  the  parameters 
U^j^and  C  -S  has  led  to  the  following  results  (see  Fig.  3  and  Table). 

In  addition  to  the  critical  value  for  the  depth  of  t^elr  own  pocket,  determinable 
by  (5),  a  critical  value  exist*  for  11^  euch  that  with  all  values  of 


^  1  the  time  needed  for  building  the  chain  becomes  infinite.  This 

is  associated  with  the  fact  that  the  particles  are  held  too  firmly  in  the  "foreign" 

pockets.  Therefore,  their  own  pockets  should  not  only  be  sufficiently  deep  but 

the  "foreign"  pockets  should  be  sufficiently  shallow.  If  the  depth  of  the  foreign 

pocket  is  less  than  the  critical  one,  the  time  for  building  the  chain  is  finite 
practically 

and,  as  it  appears, /does  not  depend  on  the  depth  of  the  pocket.  As  Is  seen  from 
the  Table  and  Fig.  3,  in  case  C  -H  «  0  the  critical  value  for  the  foreign  pockety  ' 
equal  to  0.54  ev,  Where  tJ*  equals  107  seconds  does  not  correspond  to  the  critical 
value  of  the  depth  of  their  own  pocket,  1.15  ev.  In  case  C  -H  *  9  their  own 
pocket^ should  be  deeper  than  1.09  ev,  and  the  foreign  pocket*  should  be  no  deeper 
than  0.54  ev,  Where  ^  •  16  seconds.  Increase  in  the  excess  of  particles  reduces 
"the  reduplication  time  and  changes  the  critical  energy  values. 

I 

ef 

8.  Therefore,  it  has  been  shown  that  within  the  frmaework/a  simple 
physical  model  of  the  second  stage  of  reduplication  of  chain  molecules  it  is 
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posJsibU*  to  investigate  the  kinetics  of  this  process  niatheihatically ,  In  order 
to  understand  the  theoretical  course  of  the  process  no  assiunptlons  are  required  as 
to  the  nature  of  aiw  of  the  specific  attraction  forces  between  the  nucleotides 
and  the  DNA  molecule.  Wc  assume  only  that  the  energy  of  these  attractions,  of 
the  order  of  1  cv,  varies  by  approximately  two  times  for  their  own  and  for  the 
foreign  nucleotides.  Tlie  model  proposed  makes  it  possible  to  estimate  the  time 
Juring  which  the  second  stage  of  reduplication  occurs..  Tliis  time  is  of  the  order 

nth  ,  . ,  •  . 

of  minutes,  which  is  in  agreement/f and  in  any  case  no  more  than)  certain 

experimental  data  concerning  the  intetphase  time.  Consideration  of  the  fact  that 

four  rather  than  two  kinds  of  particles  participate  in  the  construction 

of  DNA  actually  leads  to  an  increase  in  t*  and  to  more  fixed  limits  for  the 

circumstance 

binding  energies  in  the  foreign  and  in  their  own  pockets.  'Ihis  explains, 

possibly,  the  fact  that  only  four  kinds  of  nitrogen  bases  having  suitable  binding 
energy  values  participate  in  the  construction  of  DNA.  We  should  like  to  note  that 
the  model  provides  a  perfectly  identical  reproduction  of  the  order  of  arrangement 
of  the  nucleotides  in  the  new  and  in  the  old  chains  but  in  principle  permits  a 

*  of  this  order  (’’spontaneous  mutations”)  with  a  probability  proportional 


to  exp  “U 


M) 


i 
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Pig.  1.  Diagram  of  section  of  DKA  chain  in  the  course 
of  sorption  of  free  nucleotides  during  reduplication. 


The  deep  pockets  correspond  to  "their  own"  particle 

(thymine  (T)  near  adenine  (A)  and  cytosine  (C)  near 
guanine  (G);  the  small  pockets,  to  the  "foreign" 
particle  (guanine  near  adenine  and  cytosine  near 
cytosine) . 


H 


Pig.  2.  ScheinatlG  representation  of  the  relationship 
of  the  n\mher  of  pockets  occupied  by  "their  own"  par¬ 
ticles  to  the  time. 


wiff  ?  Ealatlonslilp  of  3?eaupllcatloia  time  t*  to 

tii’de^th  of  tKe  ^’teptli 

toe  dejto  of  nLlr  oto«  ®  poome  Sf 

6|^^e  g:ja^lis)  iritla  a  depth  Of  tme  foreiga  poc^« 


a) '  exheiii  ‘< 

tides  0  -H 


nuoieotldes  0  ^  «  0}  h)  excess  of  nucleo 

■9* 

Table 


^itorExolse  of  Hacleotiaee  0  -B  ana  to  the  Deptn  oi 

^^m^pAT  ovn^  Potential  Pocket  u\ff 
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Cytological  Study  of  the  Various  Stages  of  the  Life  Cycle  of  Gregarines  from 


Dragon-Fly  Larvae 
^  3y  G.A*  Shteyn 

Laboratory  ot  cytolo^  of  unicellular  organisms  of  the  Institute  of 
Cytology  of  the  Academy  of  Sciences  USSR,  Leningrad 

In  ajnun^ber  of  works  of  various  authors  the  dynamics  of  nucleic  acids, 

pMtomaaa 

polysaccharides  and  other  cytoplasmic  inclusions  of  -  at  various  stages 

of  the  life  cycle  have  been  shown,  Asoong  these  tioi;;ks  mention  should  be  made  of 
the  investigations  of  Ye.A,  Shubnikova  (194?)  end  Gromova  (1948b) ,  who 

showed  definite  dynamics  of  nucleic  acids  in  Parameciumf  caudatum^  Gromova  (1948a), 
who  observed  age  changes  In  the  content  and  distribution  of  nucleic  acids  in 
Bursaria  truncatella;  as  well  as  those  of  Schwarts  (1956),  who  studied  ribonucleic 
acid  in  bursaria,  Patlllo  and  Becker  (1955),  Ye.M,  Kheysin  (1958)  and  others 
investigated  the  cytochemical  changes  in  the  life  cycle  of  coccidia* 

The  changes  in  different  substances  In  the  life  cycle  of  gregarlnes  have 
been  studied  little  to  date,  Giovannola  (1934)  determined  the  presence  of 
glycogen  in  the  forms  of  certain  monocys tic  and  polycystic  gregarlnes. 

Ganapati  and  Raraslmha-Murti  (1955)  described  the  dynamics  of  the  polysaccharides 
in  the  life  cycles  of  gregarlnes  from  the  group  of  ^  Loubatleres  (1955), 

in  an  extensive  work  devoted  to  classification  and  morphology  of  monocystic 
gregarlnes  of  the  group  of  oligochete  worms,  used  certain  cytochemical  methods  for 
the  study  of  the  nuclear  structure* 

In  the  present  work  we  have  set  before  ourselves  the  problem  of  studying 
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he  dynan,lcs  of  the  content  of  nucleic  acids,  polysaccharides,  protein  and  fat 
nclusions,  "volutin"  and  mitochondria  at  various  stages  of  the  life  cycle  of 
olycystic  gregarines  by  means  of  cytochemlcal  methods. 

Material  and  Methods 

For  the  Itive.tlgatloo  t»0  >pecU»  of  sregorloes  fton  the 
«lnottph.lli.o  ».r.  o.aa  -  Gooe lothythu.  juctaoo  Ct».l.y  ana  goplothyopho. 

<’"***>  Sl.boU)  »hloh  ar,p,h.«l,  larva,  of  ..rloo. 

„bo,d.ra  laeach...  it-  fro.  tolaopt.r.  aoa  Coy^jrloa  >E-<ro.  tha  .vhoraar  Zygoptar. 

•  -loa-  in  the  cytochemlcal  respect.  Therefore 

oth  species  proved  to  be  very  similar  in 

the  material  is  being  presented  chiefly  for  Gene lo thynchus  aeschnae ,  and  the  , 
lata  for  Hoplorhynchus  are  brou^t  in  for  comparison.  The  entire  material  was 


tollectcd  at  the  Peterhof  Biological  Institute  of  Leningrad  University. 

The  vegetative  forms  of  gregarines  were  fixed  in  smears  or  along  with 
sections  of  the  host  intestine.  For  the  purpose  of  obtaining  the  stages  of 
development  and  the  mature  oocysts  gamontocystf which  were  excreted  into  the 

water  along  with  the  larval  excrement  were  put  into  salt  cellars  and  roicroaq 
and  they  were  fixed  during  the  course  of  development  at  various  time  intervals. 

(The  names  oocyst  anf  gamontocyst  correspond,  respectively.  to"spore"  and  "cyst" 

in  the  old  terminology).  Depending  on  the  temperature  the  mature  oocysts  are 

formed  three  to  seven  days  after  the  experiment  is  begun. 

For  the  purpose  of  fixing  the  smears  Schaud inn's  and  Nissenbaum's  fluids 

were  used  (saturated  solution  of  mercuric  chloride,  glacial  acetic  acid,  40  percen 
formalin.butyl  alcohol  in  a  -  :  proportion  of  10: 2:2: 5).  The  latter  fixative 
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possetses  a  certain  advantage  over  the  Schaudinn*s  fluid,  namely,  it  causes  the 
oocysts  to  stick  better  to  the  glass  slide*  For  the  purpose  of  fixation  of  the 
individual  gregarines,  .  gamontccyst  and  sections  of  intestine  of  the  infested 
larvae  use  was  made  of  the  following  fixatives:  Hally's  mixture  (Zenker-formol) , 
Camby's  fluid,  Serr's  fluid  (absolute  alcohol,  formalin,  glacial  acetic  acid  in 
a  proportion  of  6:3:1),  and  Champl's  fluid*  Ten- percent  neutral  formalin  and 
•aialum^cabaX mm&ei  according  to  the  McHanus  method  with  subsequent 

potassium  bichromate  treatment  were  used  for  staining  the  lipids  with  Sudan  black  B 

(Pierce,  1956).  The  Intestinal  sections  were  .Embedded  paraffin  using  xylol 

Mteddad 

or  bentol^and  various  gregarines  and  gamontocysts  mre  .  in  celloldin  plates 

according  to  the  method  of  Peterfl* 

Me  determined  the  desoxyribonucleic  acid  (DM)  by  means  of  the  Feulgen 

reaction,  utilising  preparations  treated  with  the  ensyme  desoxyrlbonuclease  for 

the  purpose  of  control*  For  the  purpose  of  determining  the  ribonucleic  acid  (RMA) 

toluidine 

staining  with  methyl  green-*  pyronlne  was  used  at  a  pH  of  4*7jan4  blue 

Was  used  according  to  the  Brachet  method  (1953)*  Control  sections  were  treated  with 

a  solution  of  crystallne  ribonuclease  or  were  yi  hydrolysed  10  minutes  at  60^  in 
one  N  HCl  (Vendrely,  1949).  (The  ensymes  desoxyrlbonuclease  and  ribonuclease  were 

obtained  from  the  laboratory  of  cell  biochemistry  of  the  Institute  of  Cytology  of 
the  Academy  of  Sciences  USSR).  The  material  Which  stopped  being  stained  by 
pyronine  and  toluidin  blue  after  the  effect  of  ribonuclease  and  HCl  was  taken  for 
RKA*  The  same  results  %iere  obtained  after  treatment  with  ribonuclease  and  HCl. 

The  ‘Srolutin”  was  stained  with  methylene  blue  according  to  the  method  of  ^ayer 
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(1*1.  .h.  S*l«  r..p.t  fr.iui«.y  M-iyf 

(Eeichenow,  1923). 

■B„  ,o»,.*ch«U...  moo^lyy.h»r«..  »d  th.  *K»pt.t.l»  -i* 

1.y  -»•  «“  “  “* 

.-lllCf.  (Oil*.  »»>»  *•  ““ 

...  «.  .«  ““ 

„C«*.  <“• ““ 

F.t  «.  F.y.M  .«  4.«yti.i"!  «-  «“  •‘O; 

..5  P.*...  •«  ““  “  "**• 

«  in&<\  tt/MMVAr  ms  hmm  bmmn  thowii  (Ftmrcm* 

di«ly«.«  iton  «•»  ttt.d  (Hal.»  1944).  Boii»v®r.  ••  »« 

W54j  Oi«y«ta.  1958) ,  the  l«tc«r  mOioA  le  not  •p*citic  sod  by  ■•«»•  <»*  4t  bo 

k, «•  *it.»l.l«  «»  ky*.r<»^  *• 

p*t.l*  yth .  -»•»!.  "* 

.«»  -  b,  — .  .«  ».biM  ■u.e.yy.  -«-*  <T-«-.  ««“'•• 

1„3>;  .1  .  .«  «.«  - 

A  r-»j'iiiri.tid  1953).  Itt  dotet«ltt*tlM  o£  tb®  ptotoltw 
with  £«®t  gteen  (Alfert  and  Cetchwlnd,  195JJ. 

...  —  ^7®^  ..tvedaa  control,  the  brotphonol 

.*tl».  t*.*.  1&  p.p.1.  (W.  1»»“  “  *•”•*  “ 

kl«  “*  •*“  “ 

th.  l..t.t .~ . 

.t*-.  1*  m.  «“  pb~P>»»‘b«..  i^y.»p«.  - 

Suden  blech  »  «««.rdt«g  to  the  MCMenun  -ethod  (Plctee.  1956) .  Sw^tlon.  i*lch 


.ith  (».  t.  2.5  37-  )  .—5  ..  . 

a..  imn!«~  »«  «»•»•«*“»»  the  .lto<*.n4rl.  .t.lnl»g  vlth  «ld  feeh.l.  v«  »..h 
iccordin^  to  K\&1  and  Altnann  raethoa  (Rowey*,  1953). 

Lifa  Cycle  of  Gragarinea 

The  life  eycles  of  ^nelorhvnchue  aeachnM 
art  very  Bloilar  to  the  life  cycles  of  apeetea  auch  as  G.  awsttl^l  (Cal'taov,  1911) 


and  Aetlmcenhalus  parvus  (Wfeachenfelder ,  1938).  The  vegptatlve  forma  of  the 

grtgaHnea  investigated  (Fig.l)  live  In  the  center  portion  of  the  Inrtatlne  of 
dragon-fly  larvae.  Solitary  gregarines  were  encountered  in  the  inkeatliiB  of 
adult  dragon  flies  of  Aeachna  ap.  and  Lihellula  S£. 

The  life  cycle  of  fi.  rtschnae  is  rtpresented  schematically  In  Fig. 2. 

Sporosoites  hatch  out  of  the  oocysts  swallowed  by  the  dragon-fly  larva.  The 
sporoaoite  embeds  itself  with  its  anterior  end  into  the  epitJfelial  Intestinal  cell 
and  is  converted  into  a  trophoaoite.  At  first,  the  young  trophoaoite  is  still 
ithout  any  epi-and  protoeierlte.  Its  cytoplasm  is  markedly  vacuolated,  irttile  the 
nucleus,  which  is  large  by  comparison  with  the  slae  of  the  entire  p  trophoaoite, 
contains  several  nucleoli.  With  »  Ita  growth  first  an  epl-and  then  a  protomerlte 
are  successively  differentiated  in  the  trophoaoite.  The  gregarlnea  remain  attached 
to  the  epithelium  until  tt»e  end  of  their  growth  period.  After  this,  they  break  off 
and  are  found  in  the  intestinal  lumen  in  the  free  state  before  the  beginning  of 
encystment.  Such  gregarines  devoid  of  epimerites  hsve  the  name  of  gsraonts 

Before  the  beginning  of  cyst  formation  two  gamonts  adhere  to  each  other  closely  end 


form  a  syaygy. 


The  stage  of  syzygy  is  very  brief  end  probably  for  this  reason  P.  Gal’tsov 
(1911)  was  unable  to  find  it  in  the  development  of  G»  raonnleri.  The  partners 
elaborate  a  common  ;  capsule,  as  a  result  of  which  a  gamontocyst  occurs. 


The  asexual  portion  of  the  gregarine  life  cycle  is  completed  at  this  stage,  and 

the  gamontocysts  enter  the  water  along  with  the  larval  excrement  where  sexual 

.are  .  /.  ■ 

multiplication  is  accomplished.  The  formed  gamontocysts  surrounded  by  a  double 


membrane,  and  nuclear  division  begins  in  it  which  precedes  the  formation  of  gametes 
X^viirl.nc 

division  .  "  *  g^aont/outstrips  the  other  somevihata  The  nuclei  of 

the  future  gametes  contain  four  chromosomes  and  are  hapictd*  The  formation  of 


gametes  is  accompanied  by  the  disappearance  of  a  partition  between  the  gamonts  in 
the  cyst.  Apparently,  copulation  of  the  gametes  occurs  at  different  times,  because 
the  oocysts  in  the  gamontocysts  are  at  different  stages  of  development.  As  a 

result  of  gamete  copulation  a  sygote  is  created. 


The  sygote , which  is  at  first  uniformly  ovate,  gradually  assumes  its 

final  oocyst  shape.  In  G.  aeschnaa  the  oocytes  are  spindle** shaped,  \d\ile  in  H. 

residual 

oligocanthus  they  have  a  half-moon  shape.  The  ^  body  is  evidently  absorbed 

with  the  development  of  the  oocysts.  In  the  gregarines  investigated  only  the 
zygote  is  diploid  (eight  chromosomes).  At  the  first  division  of  the  syxikaryon  a 
chromosomal  reduction  occurs,  and  the  nuclei  of  the  sporozoites  which  arise  as  a 
result  of  three  metagamic  divisions  are  haploid  {four  chromosomes).  At  the 

time  of  maturation  the  membrane  of  tKe  gamontocysts  breaks,  and  the  oocysts 
out  into  the  water,  where  they  are  swallowed  by  the  dragon-fly  larvae.  The  life 


cycle  of  the  gregarines  then  begins  again. 


Under  field  conditions  it  was  possible  to  establish  the  existence  of 
relationship  of  the  life  cycle  of  the  parasites  to  the  life  cycle  of  their  hosts. 
Usually,  the  ^11  and  moderate-sised  dragon-fly  larvae  are  maxinally  infested, 
whereas  the  large  larvae  Which  are  ready  for  metamorphosis  are,  as  a  rule,  without 
any  gregarlnes.  In  very  rare  cases,  solitary  gregarines  are  encountered  in  adult 
dra^n  flies.  In  June-July  under  conditions  of  Lcnlngiadakaya  Oblast*  a  mass 
fli^t  of  dragon  flies  occurs,  and  precisely  at  riiis  time  it  is  possible  to  find 
the  largest  ntatber  of  gamontocysts  in  the  larval  excrement. 

the  preparation  for  metamorphosis  is  assoc iatad  with  physiological  change c 
in  the  bodies  of  the  larvae:  the  musculature  of  their  bodies  and  intestinal  walla 
become  sluggish;  there  is  no  food  in  the,  intestine.  The  changes  in  the  host 
organism,  in  their  turn,  influence  the  gregarines,  ftimule.ting  their  encystment 
end  their  coming  out  into  the  water.  B»e  gregarines  which  enMr  Ae  edult  d^^gon 
flies  probably  are  dooaned  to  destruction,  because  even  in  the  event  of  encyetmeiit 
^e  oocytes  can^t  continue  their  development  outside  of  a  water  body.  Cases  of 
direct  entrance  of  gregerines  from  the  larvae  .  >  into  the  adult 

Agrionldae  dragon  flies  during  B»teii»rphoais  are  known  in  the  case  of  Actinocepbalus 
sieboldii  (Foerster »  1S38) . 

Cytochemlcal  Investigations 

Mucleic  acids.  In  the  gregarines  investigated  desoxyribonucleic  acid  is 
present  at  gll  stages  of  the  life  cycle  (Fig. 3).  At  the  periphery  of  the  nucleus 
of  a  mature  aporosoite  a  ring  is  stained  with  roethygreen.  Which  is  sUthCly 
thickened  on  one  side.  The  results  of  staining  permit  us  to  speak  of  the  presence 


of  xmk  to  dio  opotosolt*  Buelouo.  Fton  die  time  of  fonnctlon  and  grolrth  of  die 
troi^soltea  to  the  beginning  of  nuclear  division  ISIA.  ia  detected  with  vevy 
gteat  diffieultv  in  die  gMuntoeyate:  at  the  periphery/ the  nucleoli  cocqiaraeivaly 
amall  and  few  reulgan-poeltive  gcanulea  auiy  be  diaeemed.  Staining  of  the  granulea 
ia  enceptlonally  weak.  In  the  gaaontoeyata  Feulgan'^poaitive  granulea  become 
prEgreaaively  more  diatinet  (ai*  to  ei^t  granules  in  the  reating  nuclei),  and 
during  diviaion  die  entire  QSA  ia  concentrated  in  the  diranoaoaea.  A  particularly 
brl^t  coloration  ia  obaerved  at  the  beginning  of.  the  focMtioa  of  gaaete  nuclei 
and  during  dieir  confluence  into  a  aynkaryon.  Aftarwerde,  the  SKA  ie  continuouely 
present  in  the  oocyat  nuclei  and  In  dia  ehrearoacmaa  during  diviaion  of  thaoo  nuelol, 
end  then  in  the  epoxoaolte  nuclei  wbidt  are  first  compact  and  are  feulgsn-positlve 

♦ 

ae  a  Wbola.  In  die  mature  sposoaoitea  a  redistribution  of  the  mA  occurs  in  the 
nucleus,  end  the  latter  la  locatad  at  periphery  of  the  nucleus. 

Kihonueleic  acid  is  also  presant  in  all  stages  of  tha  Ufa  cycle ,  but 
■  its  dynamics  are  different  from  the  IMA  dynamics  (pig. 4). 

Ublla  the  SKA  wee  found  in  the  eporosolte  cytopleem  In  very  smatt 

<|ttantitlee  with  the  growth  of  the  trophosoite  its  quantity  Inereeeed  progeeaeivaly , 

and  iat  various  stages  the  SKA  is  concentrated  In  different  parte  of  the  gtegerine. 

In  the  young  trophosoite  the  MtA  predamlnatee  in  the  epiamrite  and  in  tha  nucleoli 

(they  ere  moat  Inteneely  stained  with  pyronine  end  toluldine  blue).  In  the  formed 
the  SKA  is  predominant  * 

tr^bosoites/—  In  the  deutomerlte  end  nucleoli.  After  proceseing  with  ribonucleese 
or  HCl  the  eteining  cocqiletely  dieappeare  from  the  young  trophosoites,  end  in  the 


njAture  trophoasoites  a  certain  quantity  of  pyronlnophtlic  granules  >  apparently 

ia 

unasaociated  with  RNA»  '  preserved  in  the  cytoplasm,  particularly  in  the  ectoplasm*. 
With  the  conversion  of  trophostoites  into  gamonts  the  quantity  of  SKA  in  the 
cytoplasm  decreases  notably,  and  the  pyroninophllla  becomes  very  weak«  In  the 
nucleoli  the  RKA  remains  unchanged*  The  same  picture  is  observed  also  during  the 
union  of  gamonts  in  sysygy.  During  the  period  of  sexual  multiplication  RKA  is 
present  in  the  cytoplasm  in  an  Insignificant  quantity*  The  division  of  nuclei  in 
the  cyst  is  accompanied  by  the  disappearance  of  a»Kileoli  and  the  further  reduction 
in  the  quantity  of  I^A  in  the  cytoplasm. 

Protein  inclusions.  During  the  course  of  the  eritlre  life  cycle  of 
,  gregarines  the  proteins  remain  essentially  unchanged.  In  very  young  trophosoite: 
they  are  diffusely  distributed  in  the  cytoplasm  of  the  epi-  and  deutomerite , 
whereby  in  the  latter  individual  granules  also  occur.  Xn  the 

nucleus  they  are  present  in  the  karyoplas©  and  In  the  nucleoli*  In  the  iiell**fonried 
trophoxoltes  the  quajiitity  of  protein  granules  Increases  In  the  eytoplastt,  and  the 
nucleoli  stain  particularly  Intensely  along  the  perlphexy*  In  the  mature  gamonts 
the  Intensity  of  staining  is  reduced  slight tly  by  comparison  with  the  trophoaoites 
beemuse  o£  a  certain  reduction  In  d>«  <tuantlty  and  alse  of  the  cytoplamnlc  granule.. 
In  the  gamontocyata  the  protein,  are  included  in  the  nuclei,  foraing  nucleic  acid- 
protein  compleates,  as  a  result  of  which  the  Feulgen-pcltlye  granule,  and 
frequently  the  nucleoli  stain  a  bluisVi-violet  color  with  nethylgreen-pyronine. 

During  nuclear  division  the  protein,  are  included  In  the  chromosomes  and  are 


present  in  an  Insignificant  quantity  in  the  cytoplass  of  the  gamonts.  in  the 
residual  body,  in  the  well  fotined  oocysts,  in  the  cytoplasm  and  nuclei  of  the 
sporosoites. 

The  histones  are  distributed  in  accordance  with  the  locallaatlpn  of 

nucleopro tains  in  the  nucleus  of  the  periphery  of  the  nucleoli  and  to  a  lesser 

In 

degree  In  tiie  central  portion  of  the  nucleoli  and  «S  the.  karyoplasia;  in  the 

cytoplasm,  they  arc  present  in  the  granules  filling  the  proto-  and  deutotaerlte. 

TolYsacchatides  (Fig.  5).  The  accumulation  of  polysaccharides  in  the 

not  as  yet 

gregarines  Investigated  begins  very  early,  whan  fho  young  trophoroite  Is 
completely  differentiated.  In  such  gregarines  granules  appear  in  the  epimerlte 
and  in  the  perinuclear  rone  in  the  deutOmerite  which  stain  bristly  with  the 
FAS  method  but  we^ly  with  the  Bauer-Schiff  method.  The  intensity  of  staining  la 
different:  along  with  the  bri^t  granules  there  are  also  weakly  stained  granules. 
Frellminary  treatment  with  saliva,  cold  and  hot  yater  does  not  tetoove  the  stain. 

According  to  the  data  of  Ganapati  and  Harasiaha-Murti  (1955)  and  other 
authors,  one  of  the  varieties  of  glycogen-paraglycogen  may  ha  deposited  in  the 
gregarines  as  reserve  substance.  ^ 

The  paraglycogea  is  not  digested  by  saliva,  is  poorly  soluble  in  water,  and  is 
stained  a  brown  color  with  iodine.  With  growth  the  quantity  of  paraglycogen  in 
the  cytoplasm  increases  progressively,  so  that  the  entire  cytoplasm  is  filled  with 
large  granules  in  the  gamonts.  With  staining  the  granule  sires  of  the  gamont  can 
be  divided  into  two  group#.  The  first  group  consists  of  gamonts  with  large  (1.5-3 
microns)  granules  Which  fill  the  entire  uncommonly  are  confluent. 
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r  -  ,  -1 

1h«  gT«nul«s  at«  spherical  «rit^  a  very  brlj^t  center  and  a  clearat  peripheral  aone. 

a  the  ganonta  of  the  second  group  the  granules,  althouj^  they  have  the  ema 

atructurw,  poaaesa  smaller  dimensions  (1-1.2  microns)  and  are  stained  considerably 

less  intensely,  as  a  result  of  idtidh  the  general  staining  produces  die  impression 

the  sise, 

of  being  less.  He  are  inclined  to  regard  the  differences  found  in 
staining  and  apparently  in  the  qumntil^  of  granules  in  aeschnae  as  a  manifestation 
of  sesnial  dimorphism.  In  g,  oliaosaathus  we  did  not  find  $tty  such  differences, 
aldHouijh  (1921)  indieatse  die  presence  of  sexual  dimorphism  in  this  speclss. 
Oifferences  In  ths  content  ef  granules  of  psraglyeo^n  in  the  mele  end  female 
gamonts  of  ferehneckiella  nixellae  frcw  Scolopendra  moraitana  have  been  noted  by 
,  Canapati  and  gsrasiiilia>4*rti. 

the  gmaonta  which  hanre  combined  into  s  cyst  ere  very  rich  in  persglycogen, 
ehieh  ie  ueed  up  during  the  course  of  developnent.  in  connectioa  with  this,  dia 
structurs  of  the  granules  ie  changed  in  the  developing  gsmontoeyete:  they  lose  their 
clarity  of  outlins  and  are  surrounded  by  diffusely  stained  ares.  The  lapxescion 
le  created  that  die  granules  dissolve.  Along  with  a  reduction  in  die  sise  a  csrtain 
reduction  in  the  ntsaber  of  granules  occurs  in  the  cyet  beginning  with  the  center 
and  going  toward  the  periphery.  In  die  developing  oocysts  of  K.oliaocsnthus  from 
six  to  10*12  parsglycogen  granules  are  found,  and  quite  s  lot  of  psrsglyeogen 
ie  preserved  also  in  the  residual  body.  In  the  formed  oocyete  of  0..aesehnee  there 
ie  very  little  polyeecCharidei  the*  eytoplesm  of  the  spoxosoites  and  small  areas 
St  the  poles  of  the  oocytes  siad  in  the  area  of  the  eporosoite  nucleus  give  a 

week  VAS'positlve  reeetion.  In  the  letter  case,  the  staining  ia  probably  not 

!  1 

1.60 


associated  with  polysaccharides  but  rather  with  the  presence  of  compounds  of 
a  phospholipid  type  In  the  nucleus.  This  supposition  Is  probable,  because 
**  ■  have  ;  found  similar  compounds  In  the  ganont  nuclei. 

in  staining  gregarlnes  by  the  toluldlne  blue  method  according  to  Brachet 

we  directed  attention  to  the  fact  that  with  the  growth  of  trophoaoltes  the 
metachromaala  Increases  In  their  cytoplasm;  this  is  not  removed  by  rlbonuclease 
treatment.  Study  of  this  phenomenon  has  bhown  that  even  In  the  trophoaoites 
consisting  only  of  epl-  at^  deutomertte  red  and  purple  granules 
metachswaasla)  begin  to  appear  In  the  cytoplasm  of  the  latter.  The  quantity  of 
^-metachromatic  granules  Increases  in  parallel  the  growth  of  trophoaoltes  end 
becomes  maslmel  in  the  gamonts.  Siese  granules  arc  scattered  throujhout  the  entire 
cytoplasm,  but  the  principal  accwsulatlona  are  observed  in  the  ectoplaam  of  the 
proto-  ai^  deutosaerlte ,  In  the  neck  of  the  eplmerlte  and  In  the  eplmerlte  Itself, 
where  eccumulationa  form  transversely  arranged  sections.  Pierce  believes  that 
^  -metachremasla  can  be  produced  by  the  presence  of  sulphuric  acid  eaters  (acid 
mucopolysaccharides).  The  results  of  atainlng  for  mucopolysaccharides  according 
to  the  Hale  method  and  for  metachromaala  proved  to  be  the  same.  It  was  Impossible 
to  determine  t  specif Ically  bow  the  aiucopolysaccherldes  are  localised  In  the 

gregarlne  ectoplaam.  in  any  case,  hyaluronic  acid  la  not  Included  among  them, 

because  treatment  with  the  enzyme  hyaluronldase  does  not  reduce  the  Intensity  of 
staining.  With  the  formation  of. the  gamontocyste  acid  mucopolysaccharides 
participate  In  the  elaboration  of  Its  membrane. 
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79  *Mtaehte(utie  aw  parttaalarly  nuaaroua  In  d»  andoplaan  of 

largft  tropboaotu*.  to  tfce  gwont*  th*  quantitity  of  thew  graimlaa  la  wduead, 
aad  tha  andoplaana  atalna  dlffoaoly.  Appawntly  0-mtm^twuim  can  ba  aaaoclatad 
wttti  «S»a  praaanca  of  anjcopcotelna  idild*  do  not  diaiotva  to  aaliva  and  tAich  glvn 
a  taactlon. 

Ltolda.  In  conmcfelon  wltb  llpida  atatoable  with  Sudan  Ill,  tha  - 
tn.p"«?3f-ifcs®  ehaw  a  ««kad  Indivldoal  wariablUty  <*  from  an  alnoat  coavlata  abaanca 
to  m  of  fat  dtoplata  to  tha  andoplaan  of  tha  pwto-  and  dautoMtlu). 

Ihla  vAtl#llity  to  probably  depanda  on  toa  pbyalologlcal  atata  of  tha  boat  and  on 
toa  dagsottr  of  Ita  nutrition.  Hotovar,  to  ganaral  wlto  growth  an  accumilatlon  of 
fat  occur*,  tha  cowparatlvaly  larga  fat  droplata  arc  atalnad  flrat  to  tha  eytoplaae 
of  to*  gragarlnaa  wito  Sudan  black  aaeondly,  to*  rlng-lik*  atructura*  tolto 
eonatltuta  tha  ailtotoondrlal  •aabrana*.  to  to*  nuclaua  to*  nuclaoll  ara  dlffuaaly 

atalnad  (toa  nnelaoll  at*  dlffuaaiy  atalnad  alao  by  tha  PASHaatood).  According  to 
Platen, atatotog  with  Sudan  black  to  eoahteatton  wlto/poaltlvn  PAS-raactlon  to  to* 
abaanca  of  hydrolyal*  to  .  -  aalto*  and  to  hyalutonlda**  1*  avldane*  of  to* 

preaanc*  of  coapound*  of*u  lAoaphollpld,  .  glycoUpld  or  Upeprotate  typ*. 

After  traatoant  wlto  ehlotofom  tha  atalnlng  la  cowplataly  raaovad  fwai  to*  cytopla* 
•nd  individual  poorly  atalnad  granulaa  at*  preaarvad  to  to*  nuclaoll.  to  toa 
•atura  ^nta  to*  dlatrlbutlon  of  lipid*  I*  not  changed  by  coaparlaon  wlto  to* 

Ih*  -itoChondrla  fow  ».ll  accotolatlona  of  toundad  or  k  rtog-llk* 
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bodies  tn  thft  endoplasm  of  the  proto^  wd  deusooisritc  of  the  tropheuoites  and 
gatfionts. 

•VolutinJJ*  After  staining  wtthSIEthlff  reagent  without  hydrolysis 
Reichenow  (1928)  observed  brl^t  granules  in  the  cytoplasm  of  gregarines  idiich  ha 
designated  volutin  grimuXes*  Using  Relchevioif^s  nsethod  and  the  method  of  Mayer  we 
obtained  Oia  following  results.  After  staining  according  to  the  Reichenow  method 
yoking  tiophi? /voltes  remained  colorless »  while  a  very  weak  diffuse  staining  appeared 
in  trophozoites.  By  the  Mayer  method  small  granules  are  stained  in  the 

cytopl^fm  of  epi-  and  deutomerite  of  the  young  trophosoite*  The  volutin 
granuleri,  similar  to  what  was  described  by  Reichenow^  could  not  be  found* 

The  results  of  cytochemlcal  investigation  of  a  life  cycle  of  gregarines 
are  presented  in  Table  1. 

Discussion 

(to  the  b«»i«  of  the  data  obtained  it  seems  possible  to  us  to  charecterise 
the  Bfey^oiosical  signtficence  of  the  Individual  stages  in  the  gregarlne  life  cycle 
in  the  following  way. 

1.  sporosolte  —  a  very  brief  Stage,  accompllahes  the  colonisation  and 
attachment  of  gregarines  in  the  new  host,  polysaccharides  (paraglycogen)  are  the 

energy  material  Which  provides  for  the  movement  of  the  sporosoites.  ^ 

2.  Trophosolte  ..*"''***  8t*ge  and  stage  of  accumulation  of  substance 
by  feeding.  This  stage  assures  the  subsequent  process  of  sexual 

multiplication.  Therefore,  an  accumulation  of  IWA.  proteins  and  polysaccharides 


'I 


(•(Hissibly  also  £ats)  occurs  in  the  trophozoite.  During  the  process  of  growth 
of  the  trophozoite  the  functional  significance  of  its  various  parts  changes.  Tlius, 
in  the  young  trophozoites  the  epimerite  functions  most  actively,  and  through  it  the 
nutrition  of  the  gregarinc  is  acconplished  from  the  epithelial  cells  of  the  host. 
Therefore,  RKA  and  polysaccharides  are  primarily  present  in  the  epimerite.  With 
Che  growth  of  the  trophozoite  the  epimerite  is  converted  progressively  into  an 
anchor,  which  holds  the  gregarine  in  the  attached  state,  while  the  function  of 
nutrition  probably  begins  to  be  accomplished  by  the  deutomerlte  which  is  in  contact 
with  thi  Intestinal  contents.  In  connection  with  this,  the  changes  in -the 
distribution  of  UMA  and  in  the  polysaccharides  which  begin  to  predominate  in  the 

deutomeritc  become  understandable.  It  may  be  supposed  that  the  completion  of 
synthesis  of  substances  necessary  for  the  development  .  also  leads  to  the  separation 
of  the  trophozoite  from  the  intestinal  wall,  as  a  result  of  which  it  becomes  a 
gsanont.  In  the  gamont  there  are  no  active  synthetic  processes,  and  probably 
for  this  reason  the  quantity  of  RNA  is  reduced  in  its  cytoplasm. 

3-  Car-ontocysts  -  the  stage  which  carries  out  two  functions:  a)  providing 
for  the  development  of  gametes  and  the  formation  of  the  colonization  stage  --  oocysts 
with  sporozoites  through  substances  previously  accumulated;  and  b)  protection  of 
the  developing  elements  against  harmful  Influences  of  the  environment  with  the  aid 


of  a  nentbrane  which  includes  acid  mucopolysaccharides* 

4.  Oocysts  the  stage  which  provides  for  the  colonization  of  the  species 


and  which  protects  the  sporozoites  from  death 


from 


the  influence  from 


environmehtal  factors* 
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The  protection  of  DNA  at  the  periphery  of  the  nucleoli  is  of  great 

interest.  Judging  by  the  existing  data  the  absence  or  presence  of  DNA  in  the 

nucleoli  depends  on  the  biological  object.  Thus,  Loubatlferes  (1955)  shoved  that  In 

is  stained 

the  nucleus  of  the  monocystic  gregarlne  ^ygocystis  grassei  the  nucleolus  ^ 

intensely  according  to  tlie  - 

Feulgen  method,  and  only  individual  granules  in  it  arc 

stained  with  Li^t  Green,  while  in  Gregartna  polymo^ha  from  the  meal-worm  the 

entire  nucleus,  with  the  exception  of  the  nucleolus  stains  by  the  Feulgen  method 

(Jirovec,  1927).  In  the  nucleoli  of  the  macronuclcus  of  Parameclt^  bursarla 

Feulgen-positlve  chains  of  granules  have  been  described  (Schwartz,  1958). 

With  respect  to  the  content  of  DM  in  the  nucleoli  of  multicellular 

animals  there  is  no  agreetnentn  ISNA  has  been  found  In  isolated  liver  nucleoli  of 

the  rat  (Downs,  1957),  In  the  nucleoli  of  mollusc  oocytes  of  Mytilus  and  Aplysia 
M  the 

and  in  the  vacuoFs  of  nucleolus  in  Hallotis  (Bolognari,  1957),  in  cultures  of 
chick  fibroblasts  (Lettr4,  1955).  At  the  same  time  Swift  (1953),  contradicting 
Downs, believes  that  the  nucleoli  of  the  rat  liver  nuclei  are  Feulgen-^negativc  and 
do  not  contain  DM.  B.V.  Kedrovskiy  (1951)  believes  that  DM  attaches  to  the 
nucleolus  from  the  periphery  in  the  form  of  a  solid  layer  of  different  degrees  of 
thickness  or  in  the  form  of  individual  granules  and  only  rarely  is  included  in 
nucleolus  itself. 

The  DM  granules  at  the  periphery  of  the  nuclei  of  the  gregarines  which 
we  investigated  give  a  weak  Feul gen-positive  reaction  and  do  net  stain  with 
methyl green.  We  believe  that  in  the  vegetative  stages  of  the  gregarines  the  DNA 

is  found  in  the  depolymerized  state.  Downs,  referring  to  a  number  of  works,  pointec 

i 
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out  that  depolymerlsied  DNA  is  stained  pink  with  pyronine>  whereas  highly 

pol>Tnerized  RNA  is  stained  blue  or  purple  ( Intranucleolar  granules  of  trophozoites 
and  ganionts)  .  Regiilar  changes  in  the  quantity  of  DMA  during  the  ontogeny  of 
Bursaria  truncatella  have  been  described  by  Ye*N.  Gromova  (1948a) 4  During  the 
first  few  bouts  after  division  of  infusoria  she  observed  the  minimum  quantity  of 
DKA  in  the  macronucleus*  Then  the  quantity  of  DNiA  gradually  increases  and  becomes 
maximal  before  a  new  division. 

Definite  dynamics  in  the  cytoplasmic  KNA  associated  with  age  changes 
have  been  established  for  C^aeschnae  and  H.  ollgocanthus*  As  has  been  mentioned, 
there  Is  most  RN*A  in  the  cytoplasm  of  young  differentiating  trophoxoi tea*  After  the 
•cornpletioh  of  differentiation  and  with  /  growth  the  pyroninophilia  gradually 
decreases^  and  before  cyst  formation  becomes  minimal  in  the  mature  gamonts.  A 
slight  degree  of  pyroninophilia  is  preserved  throughout  the  sexual  process,  and 
then  In  the  Oocysts  and  sporozoites.  In  B.  truncatella  Ye.N*  Gromova  also 
obsei'ved  age  changes  in  the  concentration  of  RNA.  Probably,  Gromova work  was 
vinknbw.  to  B*V*  Kedrovskiy,  who  in  1951  described  the  absence  of  data  concerning 
age  changes  In  SUnA  in  protozoans*  A. A.  Savinovskaya  (1952)  expressed  the  idea 
that  a  direct  relationship  exists  between  the  size  of  the  nucleoli  and  the  quantity 
cf  in  the  cytoplasm*  The  existence  of  such  a  relationship  might  serve  ,  as  an 
indirect  proof  of  the  fact  that  the  nucleolus  participates  in  the  synthesis  of 
In  contrast  to'  cells  of  multicellular  animals  the  growth  of  G*  aeschnae 
Is  accompanied  by  an  increase  in  the  average  size  of  the  nucleoli  and  a  reduction 
In  the  quantity  of  RICA  in  the  cytoplasm.  Probably,  in  this  case  the  role  of  the 


nucleoli  In  the  synthesis  of  RKA  is  insignificant.  In  Table  2  an  increase  is 
shown  in  the  <iia«etev  of  the  nucleoli  with  the  growth  of  the  gregarines. 

In  the  growing  aacrogstnetes  of  the  coccidian  Etmeria  intestinali^  an 
increase  occurs  in  the  size  of  the  nucleoli,  and  in  the  nature  ganetes  a  reduction 
In  their  size  is  observed,  which  is  explained  by  reduction  of  the  synthetic 
activity  of  this  stage  of  the  cycle  (Khcy sin,  1958).  In  the  trophozoites  and 
gmonts  of  G.  acschnae  the  number  of  nucleoli  does  not  increase,  but  the  Increase 
in  the  size  of  the  nucleoli  is  apparently  aasociatsd  with  synthetic  processes 
oc curing  In  the  cytoplasm  (Synthes le  of  polysacxharides ,  nucoproteins.and,  perhaps 
fats)- 

Caspersso.r  (1950)  and  Brachet  (1955)  believe  that  those  cells  are 
particularly  rich  in  RNA  i^ich  actively  synthesize  protein.  As  far  as  can  be  judge 
by  the  results  of  staining  the  trophozoites  containing  considerable  FNA  are  also 
rich  in  proteins.  At  the  same  time,  the  reduction  in  the  RNA  content  in  the 
cytoplasm  of  gatnonts  is  not  associated  with  a  reduction  In  the  quantity  of  protein 
gra-iules.  On  the  other  hatid,  we  believe  that  with  the  growth  of  trophozoites  an 
increase  occurs  In  the  synthesis  of  such  proteins  as  mucoprotelns.  This  may  be 

by  the  intensification  of  the  PAS-rcaction  and  in  the  ^-metachromasia 

be 

with  r.oluidine-blue  staining.  True,  jj  -metachromasia  can  also/produced  by 
highly  polymerized  carbohydrates  or  compounds  containing  phosphoric  acid  .  aside 
the  mucoprotelns.  The  PAS-rcaction  is  not  eliminated  by  preliminary 

treatment  with  saliva,  by aluronldase  and  rlbonuclease.  An  accumulation  of 
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,.,„c<,pro«l.s  in  tl..  cytopl.»  of  r.noros»o,oo  of  oocoiainn.  1.  p.roU.l  with 
the  reduction  of  RNA  in  if  was  observed  by  Ye-H.  Kbeysin  (195S). 


ha«  b«cu 

The  accun^ulacion  of  paraglycogen  vtth  the  growth  of  the  gregatlnes  / 


described  more  than  once  (GiovannoU.  1934;  Ganapati  and  Narasliriha-Wurtt.  1955; 
Lcubatidres,  1955  and  others),  ll^o  majority  of  authors  notes  that  most  often 
the  glycogen  Is  deposited  in  the  deutonerite  and  is  absent  from  the  protomerlte 
This  is  vell|knovn  for  G.cuneata  and  G.  ]iolimor£ha  from  meal- wonts  (Muhl.  1921; 


MoBOPygiia  ,A,i\  c 

Giavannola,  1934),  for  SE-  earthwont  (Giavannola,  1934) ,  for 


Grobnecklella  oixellae  from  (canapeti  and  Narasiriia-^Wurti ,  1955) 


in  G.  aeschnae  and  H.  olieocanthus  the  granules  of  paraglycogen  are  deposited  both 
in  the  deutomerlte  and  in  the  protomerite,  whereby  in  certain  cases  the  staining  1. 
brighter  in  the  protomerite  than  in  the  deutomerlte.  The  presence  of  glycogen  in 
the  sporoaoites  is  known  for  monocystlg  !£.  (Giavannola.  1934)  and  the  coccidlans 


•  E  Iti’ierla  intestinal  Is  (Kheysin,  1958), 

The  question  of  the  nature  of  ‘Volutin"  remains  unclear  to  date.  Muhl 

(1921)  and  Rcichenow  (1928)  demonstrated  volutin  In  the  endoplasm  of 

Carina  nolvmorpha  in  the  form  of  large  granules,  llrrou^  the  example  of  the 
flagellate  Heematococcus  it  was  shown  that  phosphorus  is  included  In  volutin. 
;*en  there  is  an  abundance  of  phosphorus  in  the  nutrient  solution  an  accumulation 
of  volutin  occurs  in  the  flagellates,  whereas  in  a  medium  free  of  phosphorus  the 
volutin  is  used  up  rapidly  and  not  replaced  (Reichenow.  1928).  Van  den  Berg^ 

(1946)  and  Belozerskiy,  according  to  Roskin  and  Levinson  (1957)  believe  that  volu. 
basically  consists  of  RNA.which  is  distinguished  from  the  ordinary  WA  by  its 
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more  complex  composition.  According  to  Pierce,  the  capacity  of  being  stained  with 

the  Schlff  reagent  without  prclteincry  acid  hydrolysis  is  characteristic  of  the 

cytoplasmic  reaction  associated  with  the  presence  of  acetalphosphatidas,  wtiich  is 

usually  phosphatldcs.  Therefore,  the  presence 

of  a  cytoplasmic  reaction  as  well  as  the  capacity  of  being  stained  with  Sudan  black 

and  by  the  PAS  method  characteristic  of  phosphatide s  permit  us  to  speak  of  the  fact 

that  inclusions  containing  phosphorus  are  present  In*  the  cytoplasm  of  the  gregarines 

the 

being  investigated.  Apparently,  they  represent/ so-called  ’Volutin". 

As  has  already  been  mentioned,  In  the  trophosoites  and  gaim>nts  of  the 
regarlncs  investigated  lipids  were  found  In  the  nucleoli  which  were  extractable 
with  chloroform.  Callen  and  Tomlin  (1950)  believe  that  aometimes  the  capacity  of 
the  peripheral  layer  of  the  nucleoli  of  amphibian  oocytes  for  being  stained  with 
Sudan  black  is  associated  with  the  presence  of  lipoproteins.  The  lipids  and 
lipoproteins  in  isolated  nuclei  of  liver  cells  of  the  rat  were  described  by  Downs 
(1957).  He  pointed  out  that  about  three  to  10  percent  was  made  up  of  phospholipids 
contained  chiefly  in  the  nucleoli, 

Hesume 

At  all  stages  of  the  life  cycle  of  the  polycystic  gregarines 
Genelorhynchus  aeschn^  and  Hoplorhynchus  ollgoeanthus  both  DM  and  RJIA  were  found. 
Dyncsaics  associated  with  age  changes  *are  characteristic  of  the  RHA:  most  of  the 
RKA  is  in  the  cytoplasm  of  the  young  trophoaoites;  with  the  growth  of  the  gregarine 
the  quantity  of  the  KNA  Is  decreased,  and  in  the  mature  gaoonts  before  cyst 
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fonration  it  becomes  minimal.  Proteins  are  present  at  all  stages  of  the  life  cycle 
without  any  essential  changes.  The  polysaccharides  appear  in  the  cytoplasm  of 
ver>’  young  trophozoites.  With  the  growth  of  the  latter  the  quantity  of 
polysaccharides  increases  progressively  and  becon^s  maximal  in  the  gamonts.  During 
the  course  of  sexual  multiplication  the  polysaccharides  are  used  up>  so  that  in 
the  sporozoites  they  are  preserved  in  an  insignificant  quantity  necessary  for 
accomplishing  the  basic  function  of  the  sporozoites  ***  colonization  and  attachment 
in  the  intestine  of  the  new  host.  Differences  in  the  quantity  and  size  of 
granules  of  polysaccharides  in  the  cytoplasm  of  0.  aeschnae  gamonts  permit  us  to 
speak  of  the  existence  of  sexual  dimorphism  in  this  species.  Along  with 
polysaccharides  of  the  glycogen  type  (or  paraglycogen)  the  presence  of  acid 
mucopolysaccharides  as  well  as  mucoprotelnS ,  lipids  and  compounds  containing 
phosphorus  (the  so-called  ’*volutln**)  has  been  noted  In  the  trophozoites  and  gamonts 
As  a  result  of  the  cytochemical  study  the  physiological  differences  were 
shown  in  various  stages  of  the  life  cycle  of  gregarlnes.  It  was  noted  that 
representatives  of  various  genera  G-  aeschnae  and  H.  oligocanthus ,  are  very 
similar  in  a  cytochemical  respect  despite  the  fact  that  they  pei^sitlze 
representatives  of  different  suborders.  Apparently,  this  similarity  of  gregarlnes 
in  this  case  is  a  reflection  of  a  similarity  in  the  biologj"  and  ecology  of  the 


■s'ig  1.  Gregarine  trophozoites  Genelorhynchus 
aeschnae  (1)  and  Hoplorhynchus. 


•Pier  2  Life  cycle  of  geneiorhynchus  aesohnaev  D  , 
o?oloit;;  ’2-  4)  formation  of  trophozite;  5) 

ZTgy;  7)  gamontocyst  with  large  ntimher  of  nuclei,  )  | 

ntwyst  Kith  oocysts!  9)  oocysts  ® 

the^ intestine  of  the  dragon-fly  larva,  7-9)  iii  ;th 
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Pig.  3.  UHA  at  various  stages  of  the  life  cycle  of  ge- 
neiorhyachus  aeschnae.  1 

1)  nucleus  of  trophozoite  or  gamont  (ohjectlve  40z;  a- 
perture,  0.65;  ocular,  15x); 

2}  nuclei  of  gamoiitocysts  at  the  'begln.nlng  of  progamous 
division; 

3)  nuclei  of  gamontocysts  at  the  end  of  progamous  division; 
'4y  copulating  ganetas; 

5)  zyso'te;  6)  prophase;  7-9)  metaphase;  10-11)  anaphase; 
12)  telophase  of  the  first  zygote  division;  13)  oocysts 
after  second  metagamous  division;  14)  oocysts  after  third 
division  of  part  of  nuclei;  15)  mature  oocysts  and  sporo¬ 
zoites  (objective,  90x;  aperture,!. 25;  ocular,  15x). 


fig.  4.  HM  at  tlie  various  stages  of  the  life  cycle 
of  geneiorh.jnchiis  aesclinae, 

1-4)  In  the  nucleus  end  cytoplasm  of  trophozoites; 

5)  in. the  nucleus  and  part  of  the  cytoplasm  of  the 

famont  j 

)  in  the  nuclei  and  cytoplasm  of  the  gamontoeysts; 
7)  in  the  oocysts  uith  sporozoites  (objective,  90x; 
aperture,  1.25;  ocular,  15x). 


Pig.  5.  Paraglycogen  at  various  stages  of  the  life 
cycle  of  genelorhynchus  aeschnae  and  hoplorhynohus 
oligocanthus. 

1)  in  a  young  G.  easchnae  trophozoite; 

2)  in  a  G.  aeschnae  gamoat; 

3)  granules  of  paraglyeogen  from  heterosexual  gamonts 
of  G.  aeschnae; 

4)  granules  of  paraglyeogen  from  the  G*  aeschnae  gamon- 

tocysts;  ^ 

5)  paraglyeogen  in  the  H..  oligocanthus  gamontocysts; 

6)  granules  of  paraglyeogen  in  the  H.  oligocanthus  oo¬ 
cysts;  / 

7)  paraglyeogen  in  the  oocytes  of  G.  aeschnae  (objec¬ 
tive,  90x;  aperture,  1.25;  ocular,  15x)* 
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Table  1 

Eiicleic  Acids,  Proteins,  Polysaccharides  and  Lipids 
at  Various  Stages  of  the  Life  Cycle  of  the  Gre- 
gariae  Genelorhynchus  Aeschnae  .■ 


1)  Stage  and  Structure 

2)  Substance 

3)  DM 

4)  HKA 

5)  Proteins 

6)  Histones 

7;  Paraglycogen 

8)  Acid  mucopolysaccharides 

9)  Heutral  fats 
10}Llpids 

11)  Compounds  of  the  phospholipid  type 

12) 

13)  Sporozoite:  cytoplasm 

nucleus  • 
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Methods  Of  InyeJiigfejyia. 


Ike  Appllc&tlbn  of  OxycLiilnoltne  to  the  Study  of 

,  ahrotaosomes 

Laboratory  of  Cytology Vtke'BSanlcaVIhstttute  Imeni  V. 

’  L.  Komarov  of  the  Ao&demy  of  Sctoaoes  USSH, 

' 'lenlagred 


.  ;  m  recent  years  a  number  of  works  ha«  appeared  in  literature  which 
recoMtiend  the  use  of  oxyquinoUne  as  a  substance  for  demonstrating  certain 
obrphological  structures  of  chrowososies,  such  as  the  centromcric  areas,  the 
secondary  constrictions,  etc.  (tjio  and  Levan.  1950;  Shama  and  Ghosh.  1950.  ar.d 
others).  It  is  recommended  that  oxyqui«oline  be  used  either  for  the  preliminary 
treatment  of  the  biological  object  before  fixation  or  as  a  constitutent  part  of 

the  fixative. 

In  the  former  case  the  biological  object  is  placed  in  0.002  M 


solution  of  oxyquinoline  for  three  hours  at  a  temperature  of  10-14°  C.  and  after 
a  brief  irrigation  in  water  is  fixed  with  some  fixative.  This  method  is  used  for 
preparing  temporary  preparations  by  the  method  of  squashing  with  carmine  stain, 
orcein  or  by  the  Feulgen  method  (Sharroa  and  Ghosh,  1951,  Sharma  and  Shattac 
1952).  In  the  latter  case,  0.002  M  oxyquinoline  solution  is  added  to  the  fixative 
fluid  in  a  proportion  of  one  part  of  oxyquinoline  to  three  parts  of  one  percent 
chromic  acid  and  six  parts  of  10  percent  formalin  (Scharma  and  Ghosh,  1950,  1951). 

’ :  This  method  la  used  for  the  preparation  of  permanent  preparations  with  embedment 
in  paraffin.  The  advantages  of  the  former  method  consists  in  an  arrange.nent  o 
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/  chromosotties  vhotb  favorable  for  iavestigatlon. 

In  the  work  of  Scharma  (1956)  it  is  aKsntioned  titiat  ojtyquinbline 
increases  the  viscosity  of  tbe  cytoplesm,  which  also  leads  to  a  more  uniform 
distribution  of  tha  chromosomes  throw#out  the  cell.  Afterwards,  "the  two  limbs 
of  the  chromosotaa  undergo  compression  from  opposite  ends  lAich  leads  to  a 

demonstration  of  the  centrotsere  (Ibid. .  page  680), 

For  the  purpose  of  elucidating . the  effect  of  oxyquinoline  we  compered 
Wheat  (Trltlcum  aiiaV.ocoec«B)  and  barley  (fiordeun  nutans)  chromosomee  which  had  been 
fixed  according  to  the  Havashin  method  without  preliminary  treetment  and  with 
preliminary  treatment  using  0.002  M  oxyquinoline  solution  for  three  hours. 
(Freparatlon  of  the  oxy quinoline  solution  was  as  follows:  0.058  grasas  of 
oxyquinolltsa  (S-OK^^rquinoline)  dissolved  in  200  cubic  ceettimters  of  warm 
iistlllod  water)*  The  chroasoaomea  from  the  periblem  ceXla  of  the  root  tips  were 
cc^pared  at  leore  or  less  equal  distances  from  the  end  of  the  root*  The  measurements 
which  were  made  with  the  magnification*  sho'^^d  that  under  the  influence  of 
cxyquinoline  the  thickness  of  the  chtomoscimes  is  Increased  by  approximately 
1*5  tims  whereas  the  length  of  the  chromosomes  remains  practically  unchanged 
(Fig**  a-d)*  Sometltnes  the  chromoaoisves  arc  scattered  throu^out  the  cell  so  that 
the  impression  is  created  that  there  was  m  mechanical  interference  (fig* »  d) . 

The  primary  and  secondary  chromosomal  constrictions  are  very  prominent* 

The  morphological  structure  of  the  chromosomes  is  even  more  prominent 
under  the  influence  of  oxyqulnollne  following  a  preliminary  chilling  of  the  material 
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Ketaphasic  plates  of  bayley  (on  the  left)  and  of  wheat 
(on  the  right)  after  fixation  according  to  the  Nava- 
shin  method, 
a,  h)  control? 

c,  d)  treated  with  oxy^uinolin©  before  fixation; 
e,  f)  chilled  at  0^0  with  subsequent  oxyqulnoline  treat 
ment  before  fixation. 
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Of  the  J.BtSHiaJEUaiffia.M-ILStte.lST''’-  to  »«  ^ 

..,  ,,cit.>.ut.y  late?  C.dltlo...«h«._aa^<^.nrth.,.l.n  of  tb.  fts 


A.A»  Vexeaiwv 

Lstoratory  of  cell  physiology  of  the  Itiatltute  of  Cytology  of  the 
Acj^^y  of  Scietiofes  USSR* 

1»  o»r  »=*  (»<,»»!«»,  USn  It  «.»  »*>«”  tk.t  «ia.  the 

.l«r«i™  of  oor.0  >,  oottoto  oob.tom*.  tt.  ottel.tloo  thro.hoia  1.  ol.«.80d 
diff.iootly  depoodlos  o.  B»  ioKto.1  ro!H.t.m!«  of  th.  Ihoa.  If  tho 

thtookoU  too  dotomtood  tiy  lotaio  of  o  .ttao\«tot  «ith  o  lo»  lot.ro.1  ««>l»t»ioo 
tte  .^Itosiuty  Of  tho  MIVO  .l«»d  di.tlUod  «.t«r  proved  to  b. 

rodocdi  If  .  ttfovUtor  .00  »..d  -blC  hri  .  M.S<  lot.ro.1  ...l.t.»o.  tb.  cb«B. 
l„  tb.  .oolt^lUt,  ™.  dlpb«lo.  »«i  dotlos  tb.  tl»t  10-40  .loaf.  »  t.c«2> 

infi.g;nicuoe 

in  eKcitJsbllity  tos  ob«eri?e«5»,  k  m&tked  dependence 

_  '  v' 

ditection  of  the  chimgcs  in  excitability  oa 


d.»«.  of  lot.m.1  -olot^*.  of  th.  .ttoUtor  o..d  1.  tb.  ..p.ri»..t  .M 
ob...v.d  U.O  vitb  tb.  .ff.ot  of  «ld.  .Ikai,  bpportoolo  ..lotion,  of  «dl«. 

chloride  atwi  eucroae  on  the  nerve. 

blffetoot  tbt..bold  ob»^.  fro.  th.  u.o  of  .tta.l.tor.  *lob  dlfforod 
ooly  vltb  toopoot  to  tbolr  lototo.1  t..l.t«oe  .tto.tod  to  .  obms.  1»  tbo 

distribution  of  the  currant  between ’the  excitable  and  parasitic  elements  of  the 
stimulation  circuit  during  the  course  of, alteration  of  the  nerve.  In  Fig.  1  a 
diagram  is  presented  of  such  a  circuit  consisting  of  a  stimuUtor  -  source  of 
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EMiv  (E)  with  a  certain  internal  resistance  R  and  &  load  in  the  form  of  electrode 
.  resistance  and  nerve  resistance.  (In  this  work  an  ordinary  capacitor 

chronaKitiieter  with  a  100  ohm  shunt  was  nsed  (Masonov  and  1953). 

In  this  case  the  voltage  at.  the  capacitor  plays  the  part  of  the  EMF  and  serves 
in  practice  as  a  jaeasure  cf  the  excitability) .  In  the  simplest  case  the  nerve 
should  be  regarded  as  a  parallel  hook-up  o£  two  resistors:  the  excitable  element^ 

-  the  nerve  fiber  —  r  and  the  resistance  of  the  fiHsiof  fluid »  connective 
tissue  tnembranes  and  nerve  fibers  shunting  for  which  the  current  remains 

subthreshoid  --  r  . 

■ :  '  s 

f  According  to  the  KircholC  lav?,  the  EMF  acting  in  the  stimulation 

circuit  i«  distributed  between  the  serially  comectad  internal  resistor  of  the 
stliaulator,  electrode  resistor  and  nerve  resistor  (determinable  by  and  r) . 


The  change  in  the  resistance  of  any  btimeh  o£  the  circuit  during  the  experiment 
leads  to  a  change  In  the  coefficient  of  proportionality  between  the  voltage  drop 
in  the  nerve  sad  the  EKF  which  is  recorded  as  the  threshold  for  stimulation. 

With  some  interrelationships  between  R,  r^,  r  and  this  proportionality 
coefficient  depends  very  little  on  the  changes  in  resistance  of  various  branches 
of  the  stimulation  circuit.  Thus,  if  the  Internal  resistance  of  the  stimulator 
is  much  leas  than  the  total  resistance  of  the  electrodea  and  the  nerve  and  the 
resistance  of  the  electrodes  is  small  by  comparison  with  the  nerve  resistance 
hliBOSt  the  entire  voltage  of  the  oscillator  falls  on  the  nerve,  anti  the  threshold 
value  E  —  the  measure  of  excitability  —  does  not  depatrd  on  variations  in  the 
'electrode  resistance  or  In  the  parasitic  shunt.  Where  the  internal  resrstmice  of 
the  stimulator  Is  great  by  cemtparison ‘with  the  resistance  of  the  newe  and  of 
,  the  electrodes  the  measure  of  excitability  docs  not  depend  on  the  electrode 


resistance;  on  the  other  hand  it  depends  to  a  great 


extent  on  the  degree 


of  sihumtiitg  of  the  netve  fibers. 

The  ea&?vygis  tchich  %sa&  made  («!t  mor«j  detailed  presentation  was  given 
•  in  our  previous  article)  it  possible  to  point  out  the  cattae  of  the  different 

changes  in  the  threshold  value  of  E  detectable  in  the  sasse  preparation  with  the 
use  of  iitteula tors  having  different  internal  resistances.  Xt  la  clear,  however, 
that  in  order  to  detemii^e  how  thss  nerve  excitability  changes  under  conditions 
^ere  there  la  a  changing  distribution  of  the  cunrent  in  the  stteulation  circuit 
it  i»  necessary  to  evaluate,  at  .^s^prosslmatalyj  the  magnitudes  of  electrode  " 

and  nerve  resistance  and  their  change  during  alteration.  The  present  work  was 
:^4evoted  to  ■  this  problem.  . , 

.  *i/»9LVimu 

Measurment  of  the  .  .  resistance  of  a  nerve  laoistened  with  Ringer's 

or  some  other  alterative  solution  and  of  the  resistance  of  the  electrodes  was 

made  by  the  methodf^sc  lllogra^hic  recording  of  the  \^oltage  in  the®  during  the  passag 

of  a  rectangular  pulsating  current  of  a  given  asplituda.  In  accordance  with  the 

aim  of  the  work  methodological  conditions  of  an  ordinary  alterative  experiment 

were  repr^oduced.  ThB  sciatic  tietve  of  a  frog  was  fastened  feorisontally  to  two 

isolated  extenders  located  at  a  distance  of  30-50  millimeters  it<m  each  other. 

Two  pairs  of  silver  ncm-chlorlnated  (as  In  the  prisvious  experiment)  electrodes 

0*5  millimeter  in  thickness  were  brought  up  under  the  middle  portion  of  the  nerve* 

fwo  of  them  —  ‘‘current  electrodes**  —  were  separated  by  10  millimeters, 

r  Of 

connected  to  the  «  alquare-pulee* generator xKe  output  impedance/which 
amounted  to  m  11  millions*  The  two  other  electrodes  —  **the  measaring  electrodes” 
—  were  located  as  near  as  possible  to  the  current  electrodes^^  but  were  not  in 
..  direct  contact  with  them,  but  rather  were  hooked  up  to  a  differential 
amplifier  and  served  for  measuring  the  voltage  in  the  nerve  (Fig*2)*  (The 

i 
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G.A.  MoBhayeuajsinpliSler, described  in  the  work  of  C*N.  Mozhayeva  (1958)  was  used). 

By  corsnectlng  one  point  of  entry  of  the  circuit  into  the  eapplifier  with  the 
measuring  electrodes  asid  the  other  with  the  current  electrodes  (lead-off  between 
points  two  and  three.  Fig. 2)  It  is  possible  to  datewJ.vie  the  magnitude  of  the 
voltage  drop  at  the  contact  of  the  electrodes  —  the  droplet  of  fluid  in  the 
area  of  contact  of  the  nerve  with  the  electrode.  For  the  purpose  of  controlling 
the  shape  of  the  current  Isfrulse  passing  through  the  nerve 'au-d  the  electrode  the 
i?oltage  was  recorded  in  a  two  ktlolan  resistor  vdiich.  was  hooked  up  in  series  with 
the  electrodes  (leads  three-four).  The  reeistaiice  of  the  nerve  and  that  of  the 
electrode  co'uld  be  cocmited  readily  by  the  ratio  of  the  voltage  values  in  them 
and  la  the  two  kilohsa  realator.  l*he  fflsplifcude  of  the  current  irapolse  aaounted, 
usually,  to  0.5-3  mlcroasirpercs ,  which  corresponds  to  sxsubthreshold  or 
arathreahold  otliaulation  strengths. 

ICyptcal  osclllograsas  arc  presented  la  Pig. 3.  The  voltage  in  the  nerve. 
Just  as  in  the  electrode,  increases  gradually  frm  the  effect  of  the  direct  current 
In  the  nerve  the  voltage  teaches  a  constast  value  after  one  to  two  tEllllseconds, 

whereae  in  the  electrode  it  continues  to  increase  up  to  the  very  end  of  the  pulse 
(four  milliseconds).  The  cause  of  this  phenotaenen,  as  Is  well  knovra,  consists  of 

the  electrochemical  polarization  of  electrodes  and  polarization  of  the  nerve. 

Such  an  increase  in  the  voltage  with  a  direct  current  corresponds  to  an  increase 

in  the  resistance.  Afterwards,  we  will  deal  cnly  with  the  maximuffi  value  of  the 

resistance  detercilned  at  the  end  of  the  pulse. 

The  resistance  of  the  nerve  and  the  resistance  of  the  nerve-electrode 
contact  was  measured  during  alteration  of  the  preparation  with  0.02  N  HCl,  five 
percent  HaCl,  1  M  sucrose  and  distilled  water  --  agents  the  influence  of  which  on 


the  threshold  meLgaitude,  according  to  the  data  of  the  previous  wth /  depended 
strongly  cn  the  internal  resistance  of  the  sliisrtulatcr*  For  the  purpose  of  alteratior 
the  nerve  and  the  electrodes  were  placed  in  a  bath  with  the  various  solutions » 
and  at  the  tisie  of  measuretKent  they  were  lifted  into  the  air. 

MmlSM 

Even  after  the  first  isrsioereion  of  th^st  rawe  and  elahtrodea  into  the 
alterative  solution  (0.02  K  HCl,  five,  percent  HaCI,  1  K  sucrose,  distilled  water), 
that  is,  two  or  thxca  minutes  later  their  resistance  chmges  markedly.  Then,  It 
rei^ihs  almost  at  the  level  until  the  &n4  of  the  ei^periwent  (40-60  .minutes) » 

In  Table  1  the  presented  fer  the  nanre  resistance 

and  for  the  reaiatmcc  of  tha  nerve-electrode  contact  obtained  by  moistening  the 
nsrves  with  linger’d  solution  (25  esq^eris^nts)  and  solutions  of  alteratives  (six 
to  mvnn  e^KperimnZB  In  each  series).  (The  thickness  of  the  nerves  with  ^diich  we 
worked  was  0.-5-0,6  milllEsetera)* 

As  is  evidenced  by  the  data  prcBented,  after  moistening  with  HsCl  and 
HCl  solutions  the  resistance  of  the  inerfjfe  decreases  by  more  than  three  tisees  in 
the  first  .'case  ai^  by  1.5  times  in  the  ,  latter  Mse.  After  moistening  with 
distilled  water  and  1  H  sucrose  solution,  on  the  other  hand,  it  increases  markedly. 

A  rapid  change  in  the  resistance  of  the  nerve  was  produced  primarily  by 
a  change  in  the  resistance  of  the  film  of  the  fluid  wetting  the  nerve.  If  we 
assume  that  distilled  water  practically  does  not  shunt  the  nerve  fibers,  and 
this  is  very  probable,  ’*pure**  resistance  of  the  nerve  (r)  has  a  magnitude  close 

•  ^  ’J 
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to  170  kilohflis .  Knowing  the  total  resietanoe  of  the  nerve  fibers  of  the 
parasitic  shunt  and  assuming  that  the  resistance  of  the  nerve  cannot  change 
rapidly  and  remains  close  to  170  kilohms  for  a  certain  time  the  resistance  of 
the  shimt  (r^)  may  be  computed  when  the  nerve  is  moistened  with  the  solutions 
under  investigation,  fhs  calculation  shows  that  iijben.  the  nerve  is  moletened  with 
Ringer's  solution  only  about  40  percent  of  the  current  passing  through  the 
electrodes  goes  througli  the  nerve  fitjers  and  is  effective  in  the  cense  of 
stimulation.  VRien  the  preparation  is  reolfitenetl  with  five  percent  NaCl  solution 
*‘the  etiiaulating'*  fraction  of  the  current  is  reduced  to  six  percent,  and  when 
moistened  with  0.02  S  HCl,  to  25  percent.  Bence,  it  follows  that  with  a  varying 
shunt  of  the  nerve  it  lo  impossible  to  evaluate  the  excitability  according  to  the 
tlireshold  strength  of  the  current  peasing  throu^  the  electrodes  and,  therefore, 
ie  Impractical' to  use  a  stimulator  with  a  hlg5:>  internal  resistance 

and  a  "stimulation  strength"  scale  graduated  In  units  of  current  strength. 

The  measuretDcnts  showed  that  the  resistance  of  the  electrodes  in  contact 
with  the 

nerve  is  of  the  order  of  two  kllotos.  it  chould  he  noted  that  polarization  of 
the  electrodes  depends  to  a  very  great  degree  on  the  current  density,  that  is, 
on  the  size  of  the  drop  at  the  electrodes;  both  may  change  markedly  during  the 
course  of  the  experiment.  Therefore,  the  values  found  should  be  regarded  only 
as  tentative.  However,  if  it  Is  assumed  that  the  resistance  of  the  electrode 


is  even  two  to  three  times  greater  thah  was  found  in  the  present  work  it  is 


still  substantially  less  than  the  resistance  of  the  nerve  section 


10  millimeter 


in  length* 
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'  Since  the  resistance  of  the  electrodes  is  small  the  EMF  acting  in  the 

stimulation  circuit,  with  the  use  of  a  stimulator  having  a  small  internal 
resistaricc.  Is  applied  to  the  tier..fe.  The  possible  variations  In  the  resistance 
of  the  electrodes  and  the  resistance  of  the  parasitic  snunt  cannot  be  expressed 
with  the  use  of  such  a  stimulator  at  the  magnitudes  of  the  threshold  voltage. 

What  has  been  stated  means  that  with  the  use  of  a.  ehronaxitneter  with  an 
internal  resistance  of  100  ohnss  pras!tlosll:s<  all  the  voltage  at  the  capacitor 

plates  (specifically  this  magnitude  is  recorded 

as  "the  strength*'  of  stimulation)  Is  applied  to  the  nerve  with  any  changes  in 
the  electrode  resistance,  shunt  resistance  or  even  resistance  of  the  iterve  fibers 
themselves  which  are  possible  in  practice.  Therefore,  in  this  case  the  change 
in  excitsbility  can  be  judged  by  the  change  in  the  threshold  voltage  at  the 
capacitor* 

Therefotej  for  the  purpose  of  determining  the  excitability  of  the 

nerve  a  stimulator  should  be  selected  vith  an  Internal  restatance  which  is 

small  by  comparlfiion  with  the  resistance  of  the  area  being  stimulated*  For  these 

reasons  it  is  sometijnes  advantageous  to  increase  the  Interelectrode  distance. 

Hew  small  the  intenaal  resistance  should  be  depends  on  tbs  accuracy  of 

excitability  determination  required^  Thus*  for  example*  if  the  actual  voltage 
should  not 

in  the  nerve  differ  from  the  voltage  at  the  capacitor  by  more  than  five 

percent  the  resistance  of  tJie  stimulator  should  not  exceed  one  kilohm  (6*0x0.05-2) 
with  a  nerve  resistance  of  60  kilohms  and  an  electrode  resistance  of  two  kllobms. 

bet  us  compare  the  results  obtained  with  the  data  concerning  the  change 


in  the  threshold  with  varioisj^  alterations  studied  in  the  previous  work,  prom 
what  has  been  preae^ited  it  follows  primarily  that  the  magnitudes  of  threshold 
changes  obtali^ed  by  means  of  a  chronaKimeter  with  an  internal  resistance  of  100 
ohms  reflect  the  actUc^l  changss  in  the  threshold  which  h«r/e  not  been  distorted  by 
a  redie tributicn  of  the  testing:  current  because  of  changes  in  the  nerve  shunting. 
With  a  determination  of  the  eitcitabliiiy  ujsitvg  a  chrcnassl^ter  having  an 
internal  resistance  of  100  kilobms  we.re  obtained  which  are  too  low  after 

alteration  of  tte  neive  with  solutions  of  0.02K  HCl  and  five  percent  M«C1  and 
are' too  high  after  elt^T«?,tion  with  tnd  distilled  Knowing  the 

**pure^  tresis tance  of  •the  nerve  and  the  ra-sisfcanea  of  the  mrve»*aleetrode  contact 
after  tBoistening  t3>e  preparation  with  various  soiutioas  the  difference  of  tlie 
threshold  voltages  obtainable  throuj^  the  use  of  the  and  B^cond  chronaKimeter 

variants  can  be  computed  for  every  cajse.  According  to  this  calculation  the 
threshold  voltage  with  the  isee  of  a  stimulator  having  m  internal  resistance  of 
100  kilohms  should  differ  from  the  threshold  voltage  obtained  with  an  internal 
resistance  of  the  stinmlator  of  100  ohms  If  the  nerve  is  moistened  with  Ringer’s 
soiutlcn  by  2,5  ttes;  with  distilled  water »  by  1,6  times;  with  KaCl  solution, 
by  6-»7  times;  with  HCl  by  3,4  times;  and  with  sucrose by  l.B  times.  In  the 
previous  work  the  difference  In  the  threshold  amounted,  respectively,  to  3.3; 

1*4;  7;  5  and  1,5  tlfoes.  As  a  firat  approximation  such  a  coincidence  of  the  results 

may  be  considered  satisfactory,  (The  roeasurements  made  convince  us  that  the  usual 

determinations  of  the  excitation  threshold  without  oscillographic  control  of  the 

stimulation  strength  and  of  the  response  reaction,  as  occurred  in  the  previous 
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Fig.  1*  Diagram  of  Stimulation  circuit. 
ExplanatioriS  in  text. 


Fig.  2,  Diagram  of  circuit  for  meaeiuring  resistance 
of  nerve  and  nerve  contact  -*•  the  electrode. 

R)  internal  resistance  of  stimulator  (1),  Tq)  calihra- 
ted  resistor;  a,  b)  “current  electrodes*';  c,  d)  measu¬ 
ring  electrodes,  fhe  figures  designate  the  individual 
points  in  the  circuit,  fhe  rest  of  the  explanation  is, 
in  the  text. 


Pig.‘  3.  Osciilogrs.sis  of  Toltage  cMuges.  ■ 

a)  the  nerve;  h)  in  the  area  of  contact  hstween  the 
nerve  and  electrode;  o)  in  the  calibrated  2-kilohm  re¬ 
sistor  nnder  cnditloas  where  the  preparation  is  moiste¬ 
ned  with  Ringer’s  sclutlon.  fhe  duration  of  the  pulse 
Is  four  milliseconds. 


Table  1 


Average  Values  for  Serve  Resistance  of  Rsrve-Sleetrode 
Contact  After  Moistening  the  Serve  with  Various 

Solutions 


M  :k  m  ,  ,  *  »  . 


Mepis*'- 


6l±0,C6 

iA±0A 


17±1.JS 


0.53  ±0.04 


40±0.4 

O.85±n.0t 


tU±5.f)  lfi2±4 

1.96  ±0.  JO  5.2  ±0.17 


1)  Resistance  (in  kilohms); 

?.)  Ringer's  solution; 

3)  3f,  RaOl; 

4)  Solutions; 

H)  0.02  R  RCl  in  Ringer's  solution; 

6)  1  M  sucrose  in  Ringer's  solution 

7)  Ristll-led  water 

8)  Rerve  (10  lelllimeter  sectlo,n)  H  t  m. 

9)  Kerve-electrode  contact  (M  t  m) 


work arc  too  ton^^  bo  that  batter  agreement  may  be  required).  Xt  is  perfectly 
obvious  that  the  change  in  the  coefficient  of  proportionality  between  the  voltage 

at  the  capacitor  asid  the  volt£'.ge  in  the  nerve  (see  Table  2)  after  the  application 
of  the  alterative  solution  producsa  changes  in  the  curve  of  threshold  changes 
during  testltjg  with  a  stissulator  having  e  hi^i  internal  resistance.  '  It  is 
speeifieaily  In  this  mmxmt  that  tha  picture  cf  a  primary  reduction  in  the 
es^cltabllity  occurs  aftor  the  effect  of  ^olutlon.^  of  and  HCl  on  the  nerve  and 

&a  tncrassa  iii  cstcitaMlity  tjn&r  .the  irtfl«ssc<a  of  distilled  water  end  sucrose. 

Oa  the  basis  ef  «b«.t  bas  baea.  .stats S*  these  cbaagas  sbouM  b®  consi¬ 
der®  d  artafaots. 


inDxe  e 


Volt^^.ge  in  the  Kerva/?ercent  of  SHT  of  Sttoulator  (Voltage  at  the  Capacitor)  With 

j^ilohf?!?^  After  Various  Alterations 


Solutions 

MSESl!«-SalMiQa,  KaSl  0,02  M  ECl  1  M  Sticroaa 


Distilled  Water 


The  data  obtained  in  this  and  the  previous  work  reialnd  mb  of  the 

atis»alation. 

necessity  for  careful  analysis  of  the  causes  of/ threshold  changes*  The  magnitude 
of  tfee  letter  is  deterwlned  by  many  factors,  including  also  "physical",  and 
therefore  cannot  serve  as  e  direct  ossasureHent  of  excitability. 


Resusi^ 


1.  The  values  for  the  resistance  of  the  nerve  and  the  nerve-'Clectrode 
contact  ware  determined  sfter  the  preparation  was  moistened  with  Ringer's  solution 
and  after  .  alteration  of  the  nerve  with  o!o2  K  HCl,  five  percent  NaCl, 


distilled  water  and  one  M  sucrose. 

'2*  An  explanation  has  been  proposed  £ot  the  dependence  o£  -the  ' 
magnitude,  of  threshold  changes  on  the  intemsl  reslst&nce  of  the  stimulator  after 
alteration' of  ,the  nervcw  .  ' 

3,  The  data  obtained  permit  ,u»  to  recom?i?end  the  use  of  stimulators 
having  a  low  internal  resistance  (tao  more  than  one  to  two  Icilohms)  for  the 
detemlnation  of  .  excitability  after  the  effect  of  alterative  solutions* 
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Measiiretnent.  of...  tM..Thl.ck.&sfjj_Q£  . the 

Calculation  Method 

iTTi'iWfur  iiiwrti»>irii~Bi>r<ifti  Wffl  Wh.tN<LM(W 

By  M.Ys.  Vinnikov  and  V.F.  Masbanski;^ 

Laboratory  of  cell  taorpholog?  of  fcb®  Institute  of  Cytology  of  the 
Acadeoty  of  Sciences  USSR,  Leningrad, 

In  the  study  of  ultrathln  sections  in  electron  microscopy  the  thickness 
of  them  is  of  great  importance  (Gettnsr  and  Ornst&in,  1956;  Borysko,  1956,  and 
others).  UltrsmicrotomtsE  serving  for  the  purpose  of  obtaining  sections  usually 
have  adjustable  scales  vdjich  only  indirectly  show  the  thickness  of  the  sections 
being  obtained.  Nevertheless,  the  measuremenc  of  them  Is  associated  with  certain 
difficulties.  Fro®  the  literature  .  available  to  us  several  snsthods  of 
determining  the  thickness  of  ultrathin  sections  may  be  described. 

Mcthod....oithe  lif^t  wedge  (Frlmsr,  1956)  is  based  on  the 
reflection  of  a  fine  monochromattc  beam  of  light  from  two  translucent  mirrors 
applied  to  each  other  and  between  idvich  the  section  has  been  placed.  By  the 
interference  picture  the,  angle  of  divergence  of  the  mirrors  and  the  thickness  of 
she  section  are  deterfitlned.  The  measured  section  cannot  afterwards  be  used  for 
examination. 

etlpsometry  (Faucher,  McManus  and  Trumit,  1958)  was 
based  on  the  principle  of  multiple  liitemal  reflection  of  a  polarized  monochromatic 
beam  of  li^t  on  a  film. 

MalMj  pf  gQlored  scale  (Peachey,  1958)  is  based  on  the  change  in 
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the  hue  of  a  section  with  a  ch^^nge  in  its  thickness.  It  makes  it  possible  to 
determine  &  thickness  of  the  section  no  smaller  than  60  millimicrons. 


Tliese  methods  of  measuring  the  thickness  of  sections  are  complex, 

require  the  application  of  special  devices  or  give  only  approximate  results. 

We  have  made  use  of  methacrylate  blocks  (butyl-methyl  methacrylate  8:1) 

with  a  1.5  percent  benzoyl  peroxide  catalyst  in  aw  incubator 

45-50^  for  12-18  hours  {tlewman,  Bory^ko  and  Swerdlow,  1949). 

The  sections  were  propped  on  a  SJostrand  ultramicro  tome  and  a  rocking 

knives 

microtoBse  (Oxbridge  model)  with  glass  prepared  by  method  utilized  in 

a  nmiber  of  investigations  <Latta  and  Hartniatm,  1950;  Cameron,  1956;  Botovyagln, 
Yefimov  and  Bubrov,  1958).  Thte  methacrylate  block  was  given  the  shape  of  a 

pyramid  one  of  the  planes  of  vrtiich  was  sectioned  perpendicularly  to  the  base, 
as  is  represented  in  the  Figure.  With  the  obtaining  of  the  section  the  het^t  of 
the  pyramid  was  redisced.  Meastirlng  the  width  of  the  front  border  of  the  first 
and  last  sections  and  knowing  the  two  angles,  we  can  compute  the  height  of  the 
sectioned  portion.  Blviding  this  height  by  the  number  of  sections  wc  can 
tennlne  the  average  thickness  of  the  sections,  computing  it  according  to  the 
formula 


a\rerage  thickness  of  sect?.on  (  s)  B^slnC 

n*  sin  A*  10,000 

The  values  a  and  are  detennined  by  measuring  the  front  borders  of 
the  first  and  last  sections  vith  a  mlcrotneter  ocular.  Tl'>.e.  angles  A,  B  and  C  are 
angles  of  a  triangle ^vhich  Is  in  a  plane  perpendicular  to  the  base. 

¥e  measured  them  by  means  of  a  rsiniature  protractor  printed  on  a 
celluloid  photographic  film  by  the  photographic  method  which  was  then  placed  in 
the  micrometer  ocular.  Use  may  also  he  made  of  an  ordinary  school  protractor, 
attaching  it  to  the  outside  of  tlte  microscope  tube  and  making  it  coincide  with 
the  ordinary  micrometer  ocular.  A  detemiriation  of  the  angle  A  is  not  obligatory, 
because  ft  is  equal  to  180^  At  the  same  tlm-e ,  measurement  of  this  angle 

gives  a  good  control  of  the  accuracy  of  measurement  of  the  angles,  because  A/B/C  a 
.  180^. 

The  value  of  the  sines  of  the  angles  obtained  is  determined  by  a 
table  of  trigonometric  functions.  The  answer  Is  given  In  Angstroms. 

The  xuethod  being  proposed  gives  quite  a  high  degree  of  accuracy. 

The  error,  calculated  according  to  f  wall  know  formulas  without  talcing  into 
consideration  the  compressibility  of  the  sections  (particularly  since  these 
Aeformations  can  be  eliminated  by  treatment  of  the  sections  with  xylol  vapors) 
does  not  exceed  three  percent. 

The  error  is  reduced  by  increasing  the  number  of  sections.  For 

greater  accuracy  the  thickness  cf“  a  series  in  which  the  number  of  sections 
is  no  less  than  400  should  be  measured. 
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Mofchods  nf  Extraction  from  Fing_JJn£l2ce^Secti^RS,^^ 

Studying  the  Histochemistry  of  Cell  Scructurgg 
I.B.  Sbarskiy  and  G.P.  Georgiye\^ 

prottjj  o£  blocheTnlstry  o£  cell  structures  of  the  Xustitute  of  Ariltnal 
Morphology  of  the  Aoaderay  of  Sciences  ur;SB.,  Moscow. 

In  the  work  of  one  of  us  (Georgiyev,.  195S)  a  method  of  serial  eKtractions 
from  thin  unfixed  sections  was  used  for  the  purpose  of  cytological  characterization 
of  protein  and  nucleoprotein  fractions  obtained  from  isolated  cell  nuclei 
(Zbarskiy,  1950j  Downs,  1957),  It  was  shewn  by  this'method  that  the  globulin 
fraction,  ^tich  is  soluble  in  0.14  M  NaCl,  consists  of  '  '  .  nuclear 

sapj,  a  ii.ucleopitotetn  fraction  extractable  with  1  M  NaCl,y  rep  resents  the 
entire  desoxyribonucleoprotein  of  the  chromatin.^  fraction  of  acid  protein 

extractable  by  alkali  represents  the  BIA  and  nucleolar  proteins  and  “the  residual 

chromatin”  (“residual  chromatins" i  Georglyev,  1958).  In  subsequent  works  (Zbarski 
and  Gaorgiyev,  1959e,  b)  ws  studied  the  fractionation  of  nuclei  . 

isolated  under  conditions  wltich  maximally  preserve  their  natural  state 
by  means  of  the.se  solvents, and  we  determined  the  protein  and  nuclclc-acld  content 
in  the  fractions  Isolated.  ‘The  results  obtained  completely  confirmed  the 

conclusions  of  the  first  investigation. 

Therefore  j.  a  series  of  data  was  obtained  on  protein  and  nucleoprotei 
composition  of  the  Intranuclear  structures  (Zbarskiy  and  Georglyev,  1959a,  b; 
Georgiyev ,  1959e) . 

Taking  into  consideration  the  fact  that  chemical  fractionation  of 
isolated  nuclei  completely  confirmed  the  results  obtained  by  means  of  successive 


extractions  fr^nj  uinfix:ed  sections  we  are  presenting  a  detailed  description  of 
this  tnethod,  and  an  aitlysis  of  its  possibilities  and  .  experimental  data 

obtained  by  means  of  it  which  were  not  Included  in  the  articles  mentioned. 

Methods  of  extraction  from  unfixed  sections  permit  us  to  establish 
the  localisRatlon  of  proteins  or  nucleop  rote  ins  In  the  cell  structures  on  the 
basis  of  their  solubility  in  various  golvents  and  also  to  investigate  certain 

aspects  of  the  physico-chemical  condition  of  proteins  in  cell  structures.  Since 
the  solubility  of  these  substances  depends  on  various  denaturing  influences, 

the  tissue  should  not  be  subjected  fixation  or  embedding  before  extraction. 

Even  lyophilixation  of  the  material  leads  to  a  change  in  the  solubility  of  a 
number  of  proteins,  particularly  In  the  dssoxytlbonucleoprotein(A3nbrose ,  1956). 
Removal  of  the  soluble  component  from  the  section  in  many  cases  depends  on  the 
absence  of  obstacles  to  the  diffusion  of  .  molecules  with 

high  molecular  wei^t,  for  example,  those  of  the  nuclear  membrane  or  of  the 
cytoplasmic  layer  adjacent  to  the  nucleus  (Georgiyev,  1958). 

Our  method  is  distinguished  from  the  methods  used  by  other  authors 
who  also  worked  with  the  extraction  of  tissue  sections  (Mirsky  and  Pollister, 

1946;  Panljel,  1951)  by  the  observance  of  these  conditions.  The  experimental  data 
which  we  obtained  to  a  consldeivi^ble  degree  do  not  agree  with  the  results  of  these 
vorks  in  which  lack  of  observance  of  these  conditions  led  to  a  distortion  of  the 
xtractlon  results. 

For  the  purpose  of  preparing  thin  unfixed  sections  use  was  made  of  a 


freezing  Tnierototne  with  a  deep  cooling  knife  (Rome! s,  1954,  page  187).  Since 
"here  was  no  special  cfdcrotonse  supplying  carbon  dioxide  to  the  knife  at  our 
s..i.sposal  we  used  a  sltople  adaptation  for  cooling  the  knife*  It  consists  ©I 
four  copper  tubes  which  during  operation  are  inserted  into  a  hole  into  the  table 
serving  for  the  administration  of  carbon  dioxide.  The  tubes  are  bent  in  such  a  way 
that  they  direct  the  carbon  dioxide  to  the  lower  surface  of  the  knife  along  its 
entire  length.  The  carbon  dioxide  comitig  from  the  other  holes  is  directed 
toward  the  table  by  means  of  a  bell  jar  ,  where  it  precipitates  in  the  form 

of  »  snow*  In  order  that  the  knife  remain  chilled  for  quite  a  long  time  the 
j^racipitated  carbon  dioxide  Is  collected  and  applied  to  the  knife.  Good  sections 
are  obtained  If  the  tissue  block  is  not  over frozen  and  the  knife  is  cooled 
sitf  ficiently*  -■ 

For  the  purpose  of  obtaining  thin  sections  (from  three  to  four  microns) 
an  important  condition  is  the  good  quality  of  the  knife.  With  a  proper 
interrelatioiiship  of  the  knife  temperature  and  the  temperature  of  the  tissue  block 
He  sections  do  not  crumble  and  do  not  thaw’  out*  They  either  separate  out  in  a 
.aooth  condition^or  they  twist  into  a  tube*  The  section  should  not  be  brought  to 
the  end.  If  the  section  Is  twisted  it  is  cerefully  stral^tened  out  on  the 
surface  of  M^nife  with  a  dry  brush.  Afterwards  a  dry  defatted  glass  slide  Is 
applied  to  the  section;  on  contact  with  it  the  section  Imediately  strat^teas 
out  completely  and  adheres  to  it.  In  the  majority  of  our  experiments  the 
glass  slides  were  preliminarily  chilled  to  2-4«.  Attachment  to  unchllled  glass 

Aftar  attachment  m  to  the  glass  slide  the  sections 


slides  occurs  even  better. 


are  itimcrsed  in  «n  eKtracttve  solutiongas  quickly  as  possible  to  avoid 

desiccation/'achillcd  to  0-2°.  Part  of  the  sections  Which  are  the  controls  are 

r  I 

fixed  iiwnedlately. 

After  extraction  fot  various  intervals  of  time  the  sections  are 
fixed  and  stained  .  like  the  Control  eedtions.  In  almost  all  our  experiments 
absolute  alcohol  served  as  the  fixative  (treatment  for  two  minutes).  Then.  .  the 
section  was  '  -  passed  tlirou^  96  percent  and  70  percent  alcohol  and  water  for 
one  or  two  minutes  each  before  staining.  Under  these  conditions,  the  thin 
oytoplasmic  structure  of  the  tissues  was  preserved,  and  the  sections  practically 
never  becmie  loose  during  the  subsequent  staining  for  proteins  and  nucleic 
adds  (bromphenol  blue,  pyronine-me thy 1 green,  Peulgen  reaction).  In  some 
experiments  other  tnethods  of  fixation  were  used  (formalin,  OBO4  vapors) ,  whereby 
even  under  these  conditions  completely  preserved  preparations  were  obtained. 

After  extraction  with  salt  solutions  of  different  ionic  strength 
in  a  neutral  siedlum  these  sections  remained  well  on  tdve  glass  slide^and  the 
extraction  could  be  carried  out  with  the  glass  slides  in  a  vertical  position  in 
the  container.  After  distilled  water  extraction  or  extraction  with  alkali 
solutions  a  removal  of  the  main  mass  of  proteins  of  the  sections  occurs,  as  a 
result  of  which  the  matter  easily  loses  its  adherence.  To  avoid  this  the 
treatment  should  be  carried  out  in  Petri  dishes  with  the  glass  slide  containing 
the  section  In  a  hortaontal  position,  aspirating  the  solvent  at  the  end  of  the 
extraction  and  pouring  in  fixative  in  place  of  it* 


204 


Ill  the  ^rocedhare  described,  freeglng  of  the  material  from 
the  lrery  begicalag  cf  the  expertmeat  and  the  utilization  of  chill-* 
ed  sclutlcas  also  eontriijutes,  in  addition  to  the  elimination  of 
fixation  before  extraction,  to  the  preservation  of  the  natural 

state  0#  the  proteins  (absence  of  denaturation  and 

/ 

eutolyeia) .  A  direct  transfer  of  the  section  from  the  knife  to  a  glass  slide 
without  stral^it^ning  It  out  in  distilled  water  eltciinates  a  loss  or  proteins, 
whiefa  in  Inevitable  contact  vith  the  water* 

Therefore,  the  tnethod  described  pcnnits  us  to  study  in  its  purest 
f&m  the  solubility  of  ptdteins  and  nucleoproteins  of  cell  structure. 

Since  the  sol^llity  in  various  solutions  is  characteristic  of  the 
given  ptotein  component  and^  particularly,  indicates  the  natural  state  of  the 
latter,  the  isethod  described  can  be  used  not  only  for  cytological  characterisation 
af  protaln  fractions  of  the  nucleus  but  also  in  the  study  of  cytoplasmic 
structures,  for  the  characterisation  of  the  state  of  various  proteins  in  the 
Cell  under  various  cotrfltiohs,  the  effect  of  injurious  agents,  in  the 
histochemistry  of  ena5>Ti«is,  etc. 

Study  of  Muclei  of  yrenecrotic  Tumor  Cells 

is 

One  of  the  examples  of  application  of  the  method  presented 

below.  As  we  have  already  noted,  I  M  NaCl  rapidly  extracts  the  entire 

aad 

desoxyribonucleoprotein  of  the  cell  nucleus,  leaving  the  KKA  the  proteins  of 
of 

the  nucleoli  and/tdie  “residual  chromatin”. 


In  the  study  of  sections  of  a  subcutaneous  mouse  Ehrlich  carcinoma 


the  foe  *1  of  necrosis  filled  with  detritus  were  not  stained  in  staining  for 
nucleic  acids.  The  border  between  necrosis  and  viable  tissue  is  always 

very  sharply  expressed.  It  consists  of  one  to  three  rows  of  cells,  the  nuclei 
of  sftilch  are  stained  more  Intensely  both  by  the  Feulgeti  method '‘and  with 
methylgrecn,  probably  by  virtue  of  the  pycnotlc  changes  (Fig.l).  The  intensity 
of  their  staining  Is  similar  to  tlie  intensity  of  staining  of  mitotic  chromosomes. 
Usually  the  cells  of  this  transitional  Ityer  are  without  nucleoli,  but  sometlaies 
they  contain  quite  large  nucleoli  stained  with  pyronlne  (Fig. 2). 

The  desoxyrlbonucleop'rotein  of  the  nuclei  of  the  transitional  layer 
practically  not  extracted  with  one  NaCl  and  maintains  the  capacity  for 
being  stained  by  both  methylgreen  and  by  the  Feulgen  method  (Fig.2,  3).  No 
effect  Is  exerted  on  the  nuclei  of  the  prenecrotlc  layer  by  0.4  M  NaCl,  which 
produces  a  "homogenization"  (washing  out)  of  the  nuclear  desoxyribonucleoproteln 
.'1  the  viable  cells  (Georglyev,  1959b), even  though  It  does  not  extract. 

Therefore,  the  prenecrotlc  cells  ar«  different  from  normal  cells 
primarily  the  physico-chemical  changes  of  the  desoxyrlbonudeoprotein  complex^ 
manifested  in  a  loss  of  solubility  in  one  M  NaCl,  rather  than  in  a  loss  of  the 
nucleolar  apparatus  or  degradation  and  denaturation  of  the  DNA  (staining  with 
methylgreen  is  maintained^) »  The  changes  apparently  occur  very  rapidly,  because 
such  cells  malce  up  no  more  than  two  or  three  rows.  The  decomposition  of  DNA 
and  RNA  occurs  at  a  later  stage. 
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Discussion  of  F^sUlts 


As  seon  from  the  present  and  preceding  reports,  the  cethof^  of 
esfetaetlen  ftroR.  tbln  unfixed  sections  makes  it  possible  to  obtain  a  series  of 
valuable  cytocbemical  and  histochemical  data.  However,  the  following 

iiiStMtibnS  of  the  method  should  be  kept  in  mind. 

1)  During  freezidg  the  fotmatlon  and  growth  of  Ice  crystals  occurs 

lahil  to  dehydration  of  the  object  and  injury  of  the  structures. 

2)  Certain  structures  markedly  change  their  permeahility 

(for  ek^ple,  mitochondria,  which  thereby  liberate  a  number  of  enaymes;  Downs,  • 

l9f?)  during  freezing  and  thawing. 

3)  The  possibility  of  removal  of  soluble  components  at  the  time  of 

ftcsiting  and  thawing  has  not  been  excluded. 

in  out  experiments  on  the  localiaation  of  nuclear  fractions  these 

factors  could  hardly  have  any  significant  Influence  on  the  results  obtained. 

distinctly 

The  cytologlc^l  picture  in  our  preparations  was  expressed 

■Shd  the  number  of  injured  cells  was  small.  The  nuclei  did  not  undergo  any 
neti'ceable  changes  frott.  the  preliminary  freeing,  which  follows  from  an  analysis 
of  the  series  of  works  for  isolation  of  them.  The  harmful  effect  of  the 
lattex  is  apparently  expressed  only  in  the  liberation  of  mitochondrial  nuclease 
with  subsequent  thawing  (Downs.  1957).  However,  with  extraction  from  sections 
dilution  of  the  enzymes  with  the  extracting  fluid  is  ver>>  great.  The 
probability  of  enzymic  effect  is  reduced  to  an  even  greater  degree  with 
extraction  by  .  1  M  SaCl  because  of  the  inhibitory  effect  of  the  latter  on 


both  desoxyribonucleases.  Fivially,  the  renoval  of  the  desoxyribor.ocleoprotein 
material  of  the  chromoaomes  .  of  the  nucleolar  material  apparently  did  not 
.ccur,  because  othOtviae  wo  would  readily  detected  it  hiatochemlcally. 

The  posalblllty  /)f  d  certain  displacement  of  the  globulin  fraction  ha a  not  been 
entirely  excluded,  but  even  this  could  not  distort  the  principal  results, 

because  at  least  part  of  It  is  preserved. 

Therefore,  the  liiaitatlcne  of  the  method  presented  in  our 

experiments  could  hardly  have  had  any  effect  on  the  results,  particularly  siftC* 

the  latter  were  clear-cut  hvid  the  saase  In  almost  all  experiments.  A.s  far 

as  the  application  of 'the  method  is  concerned  for  solving  other  problems,  • 

strict  account  of  these  considerations  should  be  made  in  every  specific  case. 

Apart  from  the  applicability  to  the  study  of  the  protein  and 

nucleoprotein  composition  of  cellular  structures  some  of  the  procedures  used 

may  also  be  applied  in  ordinary  laboratory  practice.  Tltia  is  primarily  the 

iRicrotoiae 

preparation  of  sections  in  a  freezing  by  means  of  a  simple  device 

which  chills  the  knife.  In  preserving  a  satisfactory  histological  and 
cytologtcal  picture  the  method  m^kes  it  possible  to  obtain  the  finished 

preparations  very  quickly*  Thus,  we  obtained  sections  stained  with  pyronlne- 
methyl green  and  ready  for  study  as  early  as  30-40  minutes  after  the  animal  was 
killed  (cutting— 10 minutes;  fixation  and  passing  throu^  solutions  up  to  water  - 
Ire  minutes;  staining  —  10-20  minutes;  passage  and  embedding  in  Canada  balsam  -- 
five  H  minutes).  With  other  methods  of  staining  the  finished  preparation  can  be 
obtained  every  more  quickly. 
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I 

We  readily  obtained  sections  with  a  thickness  of  from  three- four 

to  etght-15  microns  from  tbe  following  organs:  liver,  pancreas,  intestine, 

kidneys,  spleen,  spinal  cord,  spinal  ganglia,  skin,  muscles,  hepatoma  and  nwuse 

Ehfltcfe  carcinotaa,  rat  livdr,  liver,  suprarenal  gland.4  and  the  total  preparation 

a 

of  a  rat  embryo,  liver  and  spinal  cord  of  .  guinea  pig  end  rabbit,  intestine 

and  heart  of  a  rabfclt.  '  .  • 

Therefore,  with  just  a  little  practice  it  is  possible  to  obtain  the 

sections  from  practically  any  tissue  and  to  .  ,  -  stained  preparations 

from  them  quickly.  On  this  basis  the  method  may  be  recommended  for  emergency 

biopsies  in  pathology  labotatories.  At  the  present  time,  the  fixation  of 

material  wl^  hot  formalin  and  subsequent  preparation  of  the  sections  in  a 

freezing  by  the  usual  method  has  become  widespread.  Here,  rouj^ness 

in  flxatlott  to  matked  distortions  of  the  histological  picture*  the  use 

of  a  (  deep  coolidg  knife  it  possible  to  make  preparations  wore 

rapidly  md  to  obtain  a  better  ^  preserved  histological  picture p  since  fixation 

by 

of  a  section  way  be  accomplished/inauch  :  gentler  methodi  and  In  a  shorter  period 
of  time  than  fixation  of  a  small  chunk  of  tissue. 


Conclusions 


arid 


The  technique  has  been  described^  .  /possibilities  and 

-  limitations  of  an  extraction  method  for  thin  (3-4  micron)  unfixed  sections 

prepared  .  in  a  freeeing  ^  by  gseans  of  a  deep  cooling  knife  have 

was 

been  analyzed.  The  method  a  applied  to  the  study  of  prenecrotic  cells  of  a 
subcutaneous  Ehrlich  carcinoma.  The  desoxyribonucleoprotein  of  the  nuclei  of 
these  cells  loses  its  solubility  in  1  M  NaCl.  This  change  precedes  the 


degradation  of  JOM  and  the  loss  of  nncleoli. 

It  ia  recoJKmended  that  preparations  be  obtained  from 
unfixed  tissue  in  a  freezing  miorotome  by  means  of  a  deep 
cooling  knife  for  emergenoi'  biopsies.  A  simple  adaptation  is 
described  for  chilling  the  knife. 


fig.  1.  Section  (3-4  microns)  of  Ehrlich  Carcinoma 
staining  by  the  feulegen  method;  magnification,  100  x 
10). 

1)  nucleoli  (Peulgea-negatlye) ;  2)  perinuclear  chromatin; 
3)  pycnotic  calls  of  prenecrotlc  layer;  4)  area  of  ne- 
croSilst- 


fig.  2,  Section  (3-4  microns)  of  Ehrlich  carcinoma 
following  extraction  with  1  M  NaCl  for  18  hours  (stain¬ 
ing  with  pyronine-methylgreen,  magnification  40  x  10), 

1)  area  of  viable  tissue  (desoxyribonucleoproteln  removed); 
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2) 

3) 

4) 


3k-  0  X  * 

nuclei  of  cells  In  area  of  necrosis  devoid  of  nucleic  a-^ 

c5  ds  * 

nuclei  of  prenecrotic  laj'er  preserving  the  desorjrihonu- 


oleoprotel»4 
nucleoli  t-h  the  fehclet 


of  the  prenecrotlc  layer. 


Fig.  3.  Section  (3-4  mioroas)  of  Ihrlich  carcinoma  after 
ertraotlon  vith  1  M  HaOl  for  2  liotirs  (staining  by  the 
Feulgcn  method,  magnification  40  x  10), 

1)  area  of  viable  tissue  from  which  th©  desoxyribonucleo* 
protein  has  been  reiiiovad  by  extraction; 

2)  nuclei  devoid  of  DIM,  in  necrotic  area.; 

3)  filament  of  desoxyrlbonuoleoprotein  extracted  from  the  nu 
cle,i»  preclnitsted  with  alcohol; 

4)  nuclei ‘of  cells  of  prenecrotic  area  preserving  their  de- 
soxyTlbonucleoprotein., 
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This  book  by  corresponding  member  of  the  Acedemy  of  Sciences  USSR 
professor  Bmltriy  NlkoUyevich  Knsonov  represents  an  outstanding  achievement  in 
soviet  scientific  Ufersture.  It  ie  devoted  to  *  cardinal  topic  of  general 
physiology  -  excitability  and  excitation.  This  topic  has  been  given  a  new 
approach  by  the  author.  The  richest  experfe^.utal  material  obtained  by  Nasonov 
and  his  cc-workers  and  a  profound  critical  analysis  of  the  data  in  the  literature 
tfeich  is  given  in  an  Illustrious  manner  on  the  pages  of  the  book  show  the 

^  number  of  the  basic  conceptions  existing  In  modern  general 
physiology.  In  place  of  them  the  author  has  proocsed  an  entire  system  of 
organically  related  new  concepts  which  make  it  possible  to  understand  better  the 
existing  facts  and  to  outline  a  new  means  for  studying  the  nature  of  excitation. 
The  author's  main  attack  was-  directed  at  the  membrane  theory  of  permeability  and 
excitation,  the  essential  defects  of  Wlilch  are  disclosed  by  the  author  with 
irresistible  argumentation.  Based  on  numerous  facts  and  interesting 
considerations,  D.N.  Kasonov  proposes  the  sorption  theory  of  permeability  and 

the  denaturation  theory  of  excltatloi\. 

The  first  part  of  the  book  is  devoted  to  an  investigation  of  the 

local  reaction  of  living  protoplasm  to  environmental  Influences.  Here,  a 


presentation  Is  given  of  the  well-known  theory  of  paranecrosis  of  Nasonov 

and  V*Ya*  Aleksandrvw,  and  problems  are  discussed  concerning  the  interrelationship 

jf  the  local  reaction  and  excitation*  Tremendous  factual  material,  makes  it 

possible  for  the  author  to  identify  the  condition  of  excitation,  injury  and 

narcosis:  ate  inclined  to  regard  muscle  narcosis  produced  not  only  by 

non-specific 

typical  narcotics  but  aliBc  by  .  stimuli  as  a  refractory  nature  of  a 

stk-Kllng  ,, 

non-varying  excitation;  manif^&sting  itself  outwardly  in  a  contracture 

(page  70)*  The  idea  of  a  standing  non-varying  local  excitation,  which  was 

developed  by  I? .Ye*  Vvedenskiy  in  his  theory  of  parabiosis,  has  found  a  nev 

solid  confirmation  in  the  laves tigafeibns  of  ISasonov  and  his  school* 

The  second  portion  of  the  book  Is  devoted  to  problems  of  excitation 

and  permeability,  which  are  most  closely  connected  with  each  other*  In  this 

part  a  criticism  is  given  not  only  of  the  membrane  theory  but  numerous  facts 

are  also  presented  on  behalf  of  the  sorption  theory  of  permeability.  The  author 

pumping-out 

addresses  very  wei^ty  remarks  to  the  current  “theory  of  selective 
mechaniems“  (kosenberg,  Wlldbrant,  Lundegard,  Krogh>  Hodgkin  and  others).  The 
following  statement  by  Kasonov  is  essential:  “...the  sorption  theory  asserts 

that  the  existing  distribution  of  substances  may  be  created  and  maintained 

only  under  conditions  where  there  is  an  energy  consumption  throu^  metabolism. 

In  this  respect  there  are  no  differences  between  the  requirements  of  the  two 
theories  (the  theory  of  the  pump  and  the  sorption  theory  --  Yc.Zh.).  The 
ctlfic  consists  only  in  the  opinion  of  the  nature  of  the  forces  which  in 

the  practice  accomplish  the  distribution  and  redistribution  of  the  substances. 
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the  pump  theory  .  does  not  give  any  specific  answer  to  this  question.  As  far 

as  the  sorption  theory  is  concerned.  It  gives  a  very  definite  answer  concerning 

solubility 

the  distribution  factors.  These  factors  are  the  follovring:  the  ^  of 

the  substance  in  the  protoplasmic  Vater,  absorption  on  micellar  surfaces  of 
protoplasralc  collotdSjand  the  chemical  bond  with  the  substrate.  All  three  factors 
are  variable  and  dapend,  to  a  great  degree,  on  "the  physiological  state  of  the 
protoplasm.  This  also  accoutits  for  the  level  and  the  nature  of  distribution  of 

aubstances  between  the  cell  sad  the  laedlwm”  (page  177). 

The  third  part  is  devoted  to  an  analysis  of  the  bioelectrical 
potentials.  The  author  formulates  the  phase  theory  of  bioelectrlcal  potentials 
and  gives  interesting  proof  on  its  behalf.  •’From  the  viewpoint  of  the  phase 
theory  of  bloelcctrloal  potentials  being  developed  the  direct  cause  of  the 
occurrence  of  electromotive  force  at  the  surface  of  the  cell  is  a  difference  in 
the  ion  concentrations  in  the  two  areas  of  protoplasms}  however,  this  difference 
does  not  precede  but  rather  appears  suddenly  during  injury  or  stimulation  because 
of  a  degeneration  of  an  unstable  chemical  compound  --  the  salt-protein  complex. 
The  cause  of  this  degeneratton  should  be  considered  a  reversible  denaturatlon 

of  proteins  in  the  initial  stages"  (page  211).  Unfortunately,  the  solidly 

established  facts  concerning  the  presence  of  polarleed  structures  in  nerve  and 

capacitance 

muscle  fibers  obtained  by  direct  measurements  of  tbe  *  ■  and  resistance  of 

^ these  structures  were  not  properly  analyssed  in  cbe  book* 

In  the  fourth  part  the  book  deals  with  spreading  excitation 
and  its  relationship  to  the  local  reaction.  The  cleverness  of  experiments  and 


originality,  the  wisdom  and  convincing  nature  of  the  theoretical  constructs  of 

step-wise 

the  author  are  a  real  pleasure  to  the  reader.  Without  any  doubt,  the 
theory  of  spreading  cixcitation*’  and  ^*the  law  of  pelf- regulation  of  the 
excitation  wave**  are  a  culmination  of  Nasonov*s  talent  and  one  of  the  most 
outstanding  achievements  of  general  physiology  of  recent  time.  The  author 
succeeds  also  in  clarifying  a  confusing  qvtestion  concerning  the  decrement  and 
absence  of  decremeiint  in  the  Spread  of  excitation  and  in  clarifying  the  conditions 
under  which  these  forms  of  spreading  excitation  occur* 

The  fifth  and  sixth  parts  are  devotedi  to  problems  of  excltometrics. 

In  them  h.N.  Nasonov  shows  .  himself  to  be  an  accurate,  scrupulous  experimenter 

launches  an  avalanche 

and  an  original  thinker.  Re  of  experimental  and 

theoretical  criticism  of  the  conception  of  chronaxie  which  is  still  holding  out 
in  physiology*  Sometimes ^ excessively  bitter  criticism  has  been  of  essential 
benefit  for  the  clarification  of  our  methods  of  measuring  excitability*  An 
interesting  method  of  measuring  ’’brief"  and  "long"  excitability  was  proposed  by 
Nasonov  himself* 

D.N.  Nasonov*s  entire  book  is  Impregnated  with  a  militant  spirit 
of  scientific  criticism  of  the  customaty  positions  which  are  still  held  in  general 
physiology,  with  the  spirit  of  an  Innovator,  and  of  creativeness.  In  the  fire  of 
strenuous  research  work  new  ideas  are  being  forged  which  more  correctly  and  more 
accurately  reflect  the  truth.  The  book  will  constitute  the  idea  for  and  will 
inspire  new  research.  Herein  is  its  particular  scientific  importance. 

The  book  is  very  well  edited,  but  its  circulation  (a  total  of  2000,*) 
is  completely  inadequate:  even  now  it  represents  a  bibliographic  rarity. 


Ye.  K.  Zhukov 
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Le^  KoastanttnoTich  Lozina~Lozlaskiy 
(On  hts  60th  birthday) 

December  1959  marked  the  60th  birth¬ 
day  of  Lev  Konstantlaovich  Lozina- 
Lozinskiy,  Doctor  of  Biological 
Sciences  and  Director  of  the  Labora¬ 
tory  of  cell  adaptations  of  the  Ins¬ 
titute  of  Cytology  of  the  Academy  of 
•Sciences  trSSR. 

K.  K.  Lozina-lozinskiy  was  born  in 
•  1899  in  St.  Petersburg  into  a  physician*  s  family.  In  1913j. 
on  completing  gymnasium  [secondary  schooll  with  a  gold  me- • 
dal,  he  was  admittedtto  the  geographic  faculty  of  the  Uni¬ 
versity  of  Petrograd,  from  which  he  was  graduated  in  1924. 

A  considerable  part  of  K.  K.’s  scientific  activity  occurred 
in  the  latural  Scientific  Institute  imeni  P.  P.  Leshaft, 
where  he  was  admitted  in  1922  while  still  a  student,  and 
where  he  worked  (with  minor  interruptions  associated  with  e- 
vacuatlon  during  the  period  of  the  second  wsrld  war  until 
1955,  ^^:*ting  as  a  preparer  [equivalent  to  a  laboratory 
technician]  to  director  of  the  laboratory.  In  1955,  L.  K. 
began  to  work  in  the  Laboratory  of  Cytology  of  the  Zoologi¬ 
cal  Institute  of  the  Academy  of  Sciences  USSR  at  the  invi¬ 
tation 


USSR  at  tha  invitation  of  U.N*  Kasonov,  and  then,  beginning  with  1957,  and  in 

connection  with  the  reorganiziatlon  of  the  laboratory  in  the  Institute  of  Cytology 

he  became  the  director  of  the  Laboratoty  of  Cell  Adaptations  of  tao  InstlL.tc. 

Along  with  his  scientific  work  LX.  occupied  himself  also  in  pedagogical  activity 

in  college.  From  1927  through  1935  ho  thu^it  biology  In  the 

Institute  o£  Physical  Culture  tnenl  P.F.  Lasliaft  in  Leningrad,  and  during  the 

period  of  evacuation  he  gave  a  coutee  at  the  University  in  Kazan’. 

L.K.  Loztna"Lozinskiy  is  a  specialist  in  a  nropd  field  of  hi-;]. 

He  hen  published  more  than  CO  works  in  various  fields  of  zoolo©',  protistology' 

and  ecology,  including  a  nunlber  of  important  investigations  on  the  physiology  of 

with 

ynit.ollular  anitaals.  Despite -the  variety  of  objects/which  u.K.  has  worked  the 
majority  of  his  investigations  is  connected  with  the  problem  of  adaptation 
of  organisms,  tissues  and  cells  to" existential  conditions  including  to  various 
extreme  environmental  factors  (low  temperatures,  ultra-violet  irradiatio:;,  the 
effect  of  ultrasound  waves,  etc.).  L.K.  has  given  considerable  attention  to  the 
behavior  of  organisms  as  one  of  the  forr.is  of  adaptation. 

In/  nu'.iber  of  protistolog^^^^stlgations/L.K.  his  works  on  the 
physiology  of  nutrition  and  behavior  of  protozoans  has  enjoyed  wide  renowi. 

In  his  monograph  'The  Physiology'  of  Nutrition  of  Infusorians"  (1931)  complex 
relationships  are  revealed  which  determine  the  nature  of  phagocytosis,  its 
intensity  depending  on  the  physiological  state  of  the  infusorians,  the  nature  of 

the  food  and  the  environraental  factors. 

The  V7orks  of  L.K.  on  soil  protezoans  arc  of  great  interest.  He  has 

! 
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succeeded  in  x^orking  out  an  original  method  for  studying  the  rapidity  of  the 
spread  of  protozoans  in  the  soil  and  for  proving  indisputably  their  existence  in 
the  soli  in  an  active  state, 

A  series  of  works  by  L*R*  is  devoted  to  problems  of  insect  ecology* 

In  thern  observation^  are  combined  which  were  made  in  nature  with  accurately 
performed  laboratoiry  fex;p^riments.  He  hAs  made  a  detailed  study  of  the  behavior  of 
a  number  of  important  agricultural  tests  in  nature  (corn  borer,  boll-worm,  etc*) 
and,  particularly,  has  investigated  in  special  detail  the  conditions  determining 
the  selectivity  of  oviposition,  IDuring  the  course  of  these  ccological-physiologica? 
work;.?  on  insects  L-K*  participated  in  a  whole  series  of  expeditions  to  the  tropical 
areas  of  the  Soviet  Union  (Azerbaydzhan^  Bashkiria,  Kalmytskaya  Autonomous  Oblast' 
and  others).  In  the  course  of  the  ecological -physiological  research  in  insects 
L.K.  Investigated  resistance  to  cold  in  particular  detail  and  with  particular 
thoroxig^mess  and  the  conditions  ’t>ltlch  determine  it*  He  succeeded  in  showing  the 
possibility  of  very  deOp-seAted  chilling  of  certain  caterpillars  (to  a  teroperature 
to  the  order  of  -70-0^)  with  subsequent  recovery  of  the  vital  functions  of  the 
tissues*  L.K,  has  devoted  several  works  to  problems  of  the  influence  of  low 
temperatures  and  of  freezing  on  the  tissue  of  vertebrate  animals  and  protozoans. 

L.K»  Lozina-Lozinskiy  is  the  greatest  specialist  In  the  Soviet  Union  in  the  area 
of  studying  phenomena  of  anabiosis  in  chilling*  tils  v/orks  in  this  direction  are 
acquiring  particular  interest  at  the  present  time  in  connection  with  the  necessity 
for  a  detailed  investigation  of  the  conditions  which  x/ill  affect  the  organism  In 
cosmic  space. 
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L.K.  Losina-Lozinskiy  bar,  published  a  lu'x.bor  of  purely  zoological 


wo As  on  the  classification  .  and  zoogeography  of  the  pantopods,  a  distinct 

group  of  sea  arthropeds.  For  the  puri^ose  of  collecting  uatcrisl  on  thi- 
L.IC.  participated  in  several  expeditions  to  the  Arctic  Seas.  In  this  part  of  his 
work  he  t^as  in  close  association' with  the  well  known  Russian  hydrobiologist, 

Proff^ssor  Konstantin  Mikhaylovich  Deryugin*  , 

L.K..  has  done  a  great  deal  also  for  propaganda  and  the  popularization 

of  biological  knowledge,  particularly  ar.iong  secondarj'  school  btolog;/  teachers. 

Under  his  editorship  and  with  his  participation  the  Acadeny  of  Pedagogical 

Scii-nces  has  published  an  interesting  book  for  teachers  —  "Invertebrate 

An.v..'..-nls".  In  this  book  L.K.  has  written  an  extensive  and  very  interesting 

ch.ip£er  on  forms  of  adaptation  of  the  body  to  envirom'.cntal  conditions. 

In  recent  years  at  the  Institute  of  Cytology  L.K.  Lozina-Lozins.'.iy 

has  developed  very  intaresting  and  promising  work  both  for  cytology  and  for 

medicine  with  respect  to  the  study  of  the  effect  of  ultra-violet  rays  on  the 

consisted 

cell.  The  object  of  these  investigations  chiefly  of  the  infusorians. 


•  H<!  and  his  co-workers  are  investigating  conditions  of  cell  repair  following 

■  injnrj-  “Itra-viclet  particularly  shown  the  great 

importance  of  radiant  energy  in  the  visible  portion  of  the  spectruj.  in  these 
processes.  Visible  light  plays  an  important  part  in  the  reactivation  of  the 
cell  following  ultra-violet  injury.  Most  recently,  L.K.  has  posed  the  question, 
which  is  of  great  theoretical  importance,  ...  conceniing  the  possibility  of  call 
adaptation  to  injurious  doses  of  radiant  energy, ^  and  has  worked  it  out 

c  iv>c  r  ime  n  t  al  1  y  * 


trained 
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During  his  nany  years  of  scientific  work  L.K*  has 
of  scientific  workers  fror-  the  group  of  graduate  students^ who  worked  under  his 
direction, 

A  characteristic  feature  of  L«K.  as  a  person  and  as  a  scientist  is 

his  dfi\''otion  to  science*  It  would  be  hard  to  imagine  hin  outside  of  his 

iabo;::U'.c.r>»  and  outside  of  his  fervent  scientific  activity*  These  qualities  of 
w*"  re 

h*li*  ^  shown  in  particularly  striking  fashion  daring  the  organization  of  the 

In 

Institute  of  Oyto?.ogy*  .  a  short  time  he  created  an  actively  working 

Iabor;r'.tvry  with  thematics  of  great  current  importance, 
pleasant 

It  is  i  to  note  that  .  :  L.K* 

bars  '  cone  to  his  60th  birthday  full  of  creative 

strength  and  broad  scientific  plans*  He  is  continuing  his  experimental 

scientific  work  with  great  energy,  and  his  creative  enthusiasm  is  contagious 

to  hlE  students  and  his  comrades  in  work*  Wo  should  like  to  wish 

creative 

Lev  K^^^stant^novich  further  great/ achievements  in  his  fruitful  scientific 
activity  as  a  Soviet  scientist. 

Yu.  I.  Polyanskiy 


Coordination  Conferenee.  on  tUe  Problem  'Key  Questions  In 

By  A.A.  Vereninov.  Yu.L.  Goroshchenko  and  A.L.  Yudin 
The  first  coordination  conference  on  cytology  was  a  great  event  for 
those  working  In  the  field  of  cytology  and  sciences  contiguous  with  it.  As  Is 
well  known,  in  recent  years  a  number  of  measures  have  been  undertaken  designed  to 
contribute  to  the  growth  of  Soviet  cytology.  The  Institute  of  Cytology  in  Leningrad, 
the  Institute  of  Cytology  and  Genetics  in  Novosibirsk  and  the  Institute  of 
R3dl*!l-l.->n  and  Physico-Chemical  Biology  In  Moscow  were  created;  new  cytological 
!ahor.a‘orv«  were  opened  up  in  a  number  of  institutions.  Beginning  with  1959  the 
journal  Tsltoloelva  has  been  published.  Finally,  investigations  on 
ytoujy  have  been  devoted  to  a  particular  problem  by  the  directorate  of  the 
Acadaay  of  Sciences  ’Key  Questions  of  Cytology"  —  and  a  scientific  council 
has  been  created  on  this  problem.  The  conference  held  from  12  to, 17  October  In 

Leningrad  is  a  natural  development  of  this  tendency. 

The  first  session  was  devoted  to  a  general  survey  of  the  most  important 

trends  in  cytological  research.  A.S.  Troshln.  who  spoke  in  the  name  of  the 
scientific  council  (Institute  of  Cytology  of  the  Academy  of  Sciences  USSR, 

Leningrad)  presented  the  principal  ,  of  research  on  the  problem  'Key 

Questions  of  Cytology”.  Among  them,  as  has  been  mentioned,  the  question  of  the 
mechanisms  of  cell  reproduction  and  of  elementary  cell  structures  is  of  the 
greatest  Importance.  The  investigation  of  this  problem  makes  it  possible  to 
establish  the  causes  of  the  transition  of  cells  from  a  "resting"  state  to  cell 
division,  the  role  of  nucleic  acids  in  the  synthesis  of  protein  and  the  processes 


of  re  act  5.00  between  tbie  nucleus  and  cytoples?)!  w1ii5.ch  is  or  great  importance  for 

solving  a  number  of  ptactjxal  problems.  On  tbe  basis  of  the  achievements  of 

nodern  experiruental  cytology  investigations  should  be  carried  out  on  the  iiature  of 

malignant  growth  --  a  second  very  important  current  z  trend  in  cytological  work* 

A.  study  of  the  mechanism  of  maintenance  of  m  asymmetrical  distribution  of 

substances  between  the  cell  and  the  medlxjm  in  the  presence  of  a  continuous  exchange 
the 

was  analysed  in  m  report  as  the  third  woBt  important  field  of  investigation.  The 

conditloB  of  water  and  mineral  substances  in  the  cell^  the  physical  structure  of 

hyaloplasm,  the  role,  of  the  xm-jmbrane  and  the  part  played  by  the  enxymic  reactions 

in  the  transportation  of  substances  constitute  the  grotip  of  problems  which  needed 

to  be  worked  out  primarily.  A  study  of  irritability,  was  considered  an  important 

a 

trend  both  In  connection  with  the  analysis  of/ general  non-specific  basis  of  the 
cell  reaction  to  external  infltxences  and  with  the  study  of  the  reparative  and 
autoregulatory  capacities  of  cells  and  along  the  line  of  studying  the  specific 
reactions  and  speciallssed  functional  acts  of  cells:  contraction,  the  production 
of  electrical  energ:/,  secretion,  etc.  In  the  division  of  the  cytolog^^  of 
unlcelliilar  organisms  the  itiherent  necessity  was  noted  for  a  comparative  cytological 
study  of  bacteria,  blue-green  algae,  spirochetes  and  actinomycetes  from  the 
viewpoint  of  the  organisation  of  their  protoplast,  an  analysis  of  the  characteristics 
of  metabolism  in  connection  with  the  shift  of  polyploid  and  oligoploid  phases  and 
the  presence  of  filterable  Along  with  the  divisions  of  cytology  listed  the 

2 ginning  of  a  new,  rapidly  dev'e loping  branch  of  cytology  was  noted  -- 
cytoecology,  which  combines  problems  associated  with  the  study  of  cellular 


adaptations  and  their  role  in  the  s4aptation  of  organisms  to  existential  conditions. 

The  next  report  by  M.H.  Meysel *  (Institute  of  Microbiology  of  the  Academy 
of  Medical  Sciences  USSR,  Moscow)  and  A. A.  Prokof ’yeva-Bel 'govskaya  (Institute  of 
Biophysics  of  the  Academy  of  Sciences  USSS,  Moscow)  was  devoted  to  problems  of 
radiation  cytology.  After  noting  the  greAt  practical  importance  of  radiation 
cytology,  M.K.  Meysel'  distinguished  the  following  research  trends  as  the  principal 
onest  the  rules  and.  regulations  of  the  injurious  effect  of  radiation  on  the 
nucleus  and  the  cytoplasm,  tha  ffiachatiiiuas  of  injury  of  cellular  functions,  the 
raechanlsras  of  the  action  of  protective  substances,  the  nature  of  radloresistancc 
nd  tha  possibility  of  atlaptation  to  the  effect  of  radiation,  the  nature  of  the 
malignifylng  effect  of  radiation,  and  radiation  as  a  factor  in  directed  variation 
in  heredity.  The  speaker  eiBi>hastEed  the  need  for  studying  tha  rules  and  regulations 
of  call  reactions  as  a  whole  from  the  effect  of  radiation.  In  his  opinion,  the 
further  development  of  radiochemical  problems,  particularly  for  such  complex 
structured  heterogeneous  systems  as  protoplasm,  is  of  great  iiaportance. 

In  the  second  portion  of  the  report  A. A.  Prokof ’yGva-*Bel ‘govskaya 

desnonstrated  the  various  types  of  injury  to  the  chromosomal  apparatus  from  the 

effect  of  radiation.  The  significance  of  radiation  injuries  to  the  nucleus 
very 

was  considered/ important  in  connection  with  the  problem  of  the  genetic  effect 
of  radiation.  Tiie  speaker  directed  attention  to  the  fact  that  primates, 
including  man,  apparently  possess  a  particularly  high  degree  of  radiosensitivity, 
which  is  evidenced  by  data  obtained  recently  by  G.G.  Tinyakov  and  M.A,  Arsen'yeva 

on  monkeys* 


G>K>  Frank  (Institatt^  of  Biophystos  of  tl^e  Acadomy  of  Sciences  ITSSR^ 
Moscow)  spoke  of  the  .  of  Investigation  of  the  submicrosccpic  structure  of 
cells  end  tissues  mid  pointed  oat^  particularly j,  the  need  for  a  more  extensive 
incorporation  of  eiectronbicroscOpy  into  research  practice*  Using  the  material 
of  work  accomplished  chiofly  at  the  Institute  of  Biophysics »  the  speaker 
demons trEted  the  possibility  of  Studying  idle  •Wleciilar  anatbaiy**  of  protoplasm. 

The  evening  session  on  IR  October  waa  de^^oted  to  prCblCfiis  of  cytoecology. 
V.Ya.  Aleksandrov  (Botanical  Institute  imettl  Y.L*  Komarov  of  the  Academy  of 
Sciences  USSR,  Leningrad)  formulated  the  probler^  of  cytoecology  as  a  science  of 
adaptive  reactions  which  ate  accotftplished  at  the  cell  level,  and  noted  the 
importance  of  this  trOnd  in  work  for  solving  problems  of  acclimatization, 
ild-,  heat-,  drou^t-  and  salt- resistance  of  plant  and  animal  organisms  and  *the 

analysis  of  the  phenomenon  of  cell  resistance  to  the  effect  of  antibiotics, 
bactericidal  agents,  herbicides.  Insecticides,  etc.  The  effect  of  the  temperature 
factor  on  the  cell  was  discussed  in  his  report  in  greater  detail.  In  the  opinion 
of  Aleksandrov  (B.F.  Ushakov  adhered  tc  a  very  similar  viewpoint),  in  the 
multicellular  animals  and  apparently  in  the  hlgfier  plants  the  level  of  resistance 
of  the  cell  proteins  to  high  temperature  is  elaborated  phylo genetically  and  is 
e  relatively  constant  characteristic  of  the  species.  The  change  in  be at- re si stance 
of  cells  in  the  hi^er  plants  and  in  certain  cases  also  In  the  multicellular 
animals  can  be  obtained  only  throng  a  considerable  increase  in  temperature 
(heat  fcou^ier^ing) .  The  adaptation  of  these  organisms  to  a  change  in  positive 
it curing  their  individual  life-times  in  the  absence  of  any  excess 
overheating  is  accomplished,  as  a  rule,  by  adaptive  mechanisms  effected  at  the 


level  of  the  hl^er  stages  of  organization  —  organ,  organism  and  community. 
In  the  protozoans  and  probably  in  the  lower  plants  the  heat-resistance  of 
cells  is  changed  in  accordance  with  the  change  xn  the  envlronmeixtal  temperature 
throu^out  the  tesiperature  range,  including  the  tolerance  area  (thermal 

adaptation)* 

^ .1* .  Ufihakoy  (ItiSti tute  of  Cytology  of  the  Academy  of  Sciences  USSR, 
Leningrad)  presented  the  results  of  work  on  the  study  of  heat-resistance  of 


enzymes  as  Well  as  the  heat-resistance  of  cells  in  various  tissues  of  different 
species  of  multicellular  animals  during  natural  and  experimental  acclimatization. 
It  was  shown  that  In  animals  raised  in  increased  and  reduced  temperatures  the 
Heat- resistance  of  cells  and  enzymes  is  unchanged  despite  the  change  in  the 
heat-resistance  of  the  body.  The  activity  of  the  enzymes  is  changed  In  a 
compensatory  manner:  It  increases  at  low  temperature  and  decreases  at  hi^ 
temperature,  Ushidcov  believes  that  we  should  speak  of  the  conservative  protein 
adaptation  »Atich  Is  realized  during  the  course  of  phylogeny  and  of  the  labile 
protein  adaptation  which  is  realized  every  day  and  permits  the  animal  to  exist 

under  conditions  of  a  changing  environment. 

The  reports  of  K.M.  Sukhanova  (Institute  of  Cytology  of  the  Academy  of 

sciences  USSR,  Leningrad),  who  showed  the  relationship  of  heat-reslstance  of 
parasitic  protozoans  to  the  species  of  host,  and  of  l,f.  Rung.?a£S£lt  (Institute 
of  Cytology  of  the  Academy  of  Sciences.  USSR.  Leningrad),  Who  observed  a 
constancy  in  the  he at- re si stance  of  the  myocardium  during  tissue  culture  for 
three  months  at  an  altered  temperature,  were  devoted  to  the  problem  of  cell 


adaptation  to  the  temperature  factor. 

Yu.M.  Oleftov  (Institute  of  Cytology  of  the  Academy  of  Sciences  USSR, 
Leningr&!)  devoted  his  speech  to  the  presentation  of  certain  general  principles 
concerning  the  regulatory  Capacities  of  cells  connected  with  the  characteristics 
:  synthesis  of  cell  proteins  and  nucleic  acids.  Ihe  regulatory  possihllltles  of 
the  cell,  which  underlie  individual  adaptability  in  Olcnov's  opinion,  are  one 
of  the  Bsost  Important  objects  of  selection.  The  speaker  listed  a  number  of 
principles  through  Which  adaptation  of  the  cell  is  accomplished  to  changing 
environmental  conditions.  At  the  same  time ^ the  speaker  emphasised  that  the 
regulatory  possibilities  of  the  cell,  no  matter  how  great  they  might  be,  are  of 
a  limited  nature.  The  only  means  of  overcoming  this  limitation  is  natural 
selection  of  hereditary  changes  increasing  the  adaptations  of  the  cells  to 
changing  conditions.  Olenov  illustrated  various  principles  in  his  report  ^fith 
his  own  experimental  data  concerning  the  sensitivity  of  jtooeha  proteus  and 
Acetabularia  medtterranea  to  the  effect  of  hi^  concentrations  of  amino  acids. 

Those  speaking  in  the  discussions  presented  interesting  data  concerning 
the  relationship  of  the  activity  and  the  heat-raaistance  of  certain  enaynes  of 
auscles  and  liver  of  fish  to  the  temperature  conditions  under  Which  the  animals 
ve  fA.A.  Kttsaklna).  concerning  cell  adaptation  in  the  process  of  tissue 
cultivation  (S.Ya.  Zalklnd) ,  concerning  the  absence  of  any  effect  of  experimental 
acclimatisation  of  frogs  and  actinia  ot\  the  heat-resistance  of  ciliated 
epithelium  (A.V.  Zhirmunskty) ♦  Yu.l.  Polyanskiy,  xdio  spoke  in  the  discussions, 
compared  the  capacity  of  unicellular  (infusorians)  animals  of  changing  their 


heat-resistance  in  accordance  with  the  temperature  utider  which  they  are  cultivated 

and  the  conservatism  of  this  feature  in  the  cells  of  multicellular  animals  and 

plants  and  posed  an  Interesting  question  concerning  the  time  of  occurren.-;:  of 

Such  conservatism  during  tlie  course  of  evolution. 

importance  uTeuticned 

B.P.  Ushakov  recognized  the  of  solving  this  prohl'^m  and  the 

leading  works  in  this  direction. 

At  the  morning  session  on  13  October  problems  were  discussed  of  cel5i.i.e’ 


permeability,  bioelectrical  phenomena  and  irritability. 

Hie  first  report  "The  Principal  Mechenisms  cf  Cell  Permeability  in 
Connection  With  the  Problem  of  Bioelectrical  Phenomena  and  Cell  Excitation’'  was 
given  by  A.S.  Trosbin.  He  criticized  the  membrane,  theory  in  itc  -.tirrent 
modification,  .  which  assumes  the  existence  of  an  active  transipottation. 

Tl\e  principal  arguments  of  the  speaker  amounted  to  the  fact  Chat  tot  presence  of 
a  very  large  number  of  specifically  acting  pump  mechanisms  would  nave  to 

be  assumed  for  ejqilaintng  the  existing  data  concerning  the  distribution  of 
substances  between  the  cell  and  the  medium,  because  at  the  present  tluac  a 
multitude  of  mineral  and  organic  substances  '  is  known  which  arc  not  uniformly 


distributed  betweeit  the  cell  and  the  medium  (under  conditions  of  a  dynamic 
equilibrium)  and  which  are  not  subordinate  to  Donnan  equilibrium  relationships. 
Troshin  believes  that  the  sorption  theory  better  explains  the  entire 
combination  of  facts.  According  to  this  theory,  the  protoplasm  represents  a 
coacervate  system  in  which  the  water  is  organized  in  a  definite  manner;  therefore, 
the  solubility  of  substances  in  it  is  less  than  in  the  water  of  the  environaTient , 
ikhile  the  cellular  permeability  is  determined  by  three  factors*  the  solubility. 


adsorption  and  chemical  binding. 


Any  other  explanation  of  the  mechanisTn  of  distribution  of  mineral 

substances  from  the  standpoint  of  dorptloii  and  membrane  theories  would  involve 

a  different  interpretation  Of  Ch4  feioelesfetrical  phano’^ena  and  the  excite 

process*  According  to  the  fliembtisle  theory,  the  pheno^nenon  of  excitation  consists 

of  a  change  In  the  periafeability  of  the  tnembrane,  \^eteas,  in  Troshin^s  opinion, 

of 

iti  excitation  the  activity^  the  protoplasm  itself  is  altered.  The  theoretical 
statesnents  propounded  In  tha  report  were  •  \  by  •  Troshln*s  new 

data  concerning  the  kinetics  o£  entrants  of  pot&ssiuna  into  muscles  and  its  exit 
into  the  medium  t^lch  has  a  reduced  contint  of  this  cation,  the  material  presented 
attest  to  three  forms  of  existence  of  patasslitm  in  the  musclet  dissolved  ‘"- 
rapidly  exchangeable^  weakly  bound  exchangeable  with  lesser  rapldityj: 
nd  firmly  bound  the  potassium  df  the  latter  fraction  is  exchanged  very  slowly 
lot  the  potassium  of  the  meditm# 

The  second  report  by  JuC*.  Kpsityukt  Z.A/  Sorokina  and  A. I.  Shapovalov 

(Institute  of  Physiology  of  the  Academy  of  Sciences  tfkrSSR,  Kiev)  was  devoted  to 

certain  results  of  investigations  of  the  physiological  processes  in  muscle  and 

nerve  fibers  carried  out  by  a  group  of  Kiev  physiologists*  In  the  study  of  the 

role  of  the  ionic  asymmetry  in  muscle  fibers  in  a  process  of  generating  a  resting 

potential  it  was  shown  that  in  the  area  iof  the  physiological  concentrations  of 

potassim  the  relationship  of  the  resting  potential  to  the  difference  in  the 

potassium  concentrations  in  the  fiber  in  the  medium  is  not  subordinate  to 

the  Kemst  and  Goldman  equations.  In  another  series  of  experiments  it  was  shown 

that  the  resting  potential  is  reduced  tfdien  the  £ib€*,r  is  altered  by  inhibitors 

of  oxidative  phosphorylation.  Kostyuk  explains  these  data  by  the  direct 

participation  of  metabolic  processes  occurring  with^;  the  participation  of 
associated  with  the  coitvereions  of 

ensymes  and/macroergic  phosphorus  compounds  .  in  the  generation  of 
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the  resting  potential •  Tlie  second  trend  of  inveetigaticn  reported  by  Kostyuk 
was  the  elucidation  of  the  conditions  under  which  a  muscle  fiber  changes  over  into 
a  condition  of  rhytJmlcal  activity.  The  spe&kei*  believes  that  the  principal 
rhythm  is  constituted  by  oscillations  of  the  resting  potential  (’^prepotent ialk')  , 

which  ate  different  from  the  ordinary  action  potentials  and  which  change  into 
the  latter  when  a  certain  critical  magnitude  is  attained*  The  group  of  works 
conducted  under  the  direction  of  Kostyuk  and  devoted  to  establishing  the 
relationship  between  the  level  of  polarization  of  cells  of  motor  and 
intercalated  neurons  and  their  functional  state,  is  interesting.  For  the 
purpose  of  measuring  the  polarization  level  and  the  experimental  change  in  it 
double-channel  microelec tr'odes  were  used*  Kostyuk*s  report  therefore,  ;  made 
It  possible  to  gain  an  Idea  of, the  cytologlcal  aspects  of  neuro-muscular 
aysiology. 

The  next  speaker,  G^A*  Kurd  la  (Moscow  University)  discussed  the 
problem  of  the  physico-chemical  nature  of  the  testing  potential*  On  the  basis 
of  an  analysis  of  her  own  eKperimental  material  and  the  data  in  the  literature 
Kurella  stated  that  the  resting  potential,  wlien  tapped  by  an  intracellular 
electrode,  cannot  be  the  result  of  cell  alteration,  because  if  the  diameter  of 
the  electrode  tip  is  not  too  great  the  difference  in  the  potentials  obtained 
does  not  depend  on  the  dimensions  of  the  area  injured  or  on  the  filling  of  the 
electrode.  Kurella,  like  Troshin,  believes  the  explanation  of  bioclectrical 
phenomena  given  by  the  membrane  theory  is  unsatisfactory.  In  searching  for  a 
nen-membranous  electrochemical  model  of  a  cell  the  speaker  investigated  the 

synthetic  ion-exchange  resins  and  showed  experimentally  that  vdien  the 
mleroelfectrode  is  introduced  into  the  resin  granule  Interphasic  ;  potential 
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differences  may  be  obtained  which,  like  the  resting  potential,  depend  on  the 
salt  composition  of  the  solution  la  i*ich  the  resin  and  cell'hawe  been  placed. 
Since,  the  potential  difference  tapped  In  such  a  system  depends  on  the  saitnc 
composition  of  the  solution  filling  the  mlcroalectrode,  and  thereby  the  model 
is  different  from  the  cell.  fi.A.  Kiirella  Investigated  another,  more  complex 
model  consisting  of  three  phases  behave  similar  to  a  cell  in  this  • 

respect.  However,  the  physical  csplanatlcn  of  the  behavior  of  the  second  model 
.proposed  by  the  speaker  apparently  needs  corrections* 

Quite  a  lively  diacuaeion  arose  with  respect  to  the  problem  of  the 
nature  of  bioelectrical  phenomena.  K.G..Kos_tgjat  expressed  the  opinion  that  there 
would  be  an  approximation  of  the  membrane  and  sorption  theories  In  the  near  future 
Pointing  out  that  the  proponents  of  the  membrane  theory  have  already  given  up 
the  Idea  of  *helng  a  sieve ,  he  predicted  a  "period  of  sacrifices" 

also  for  the  proponents  of  the  sorption  theory.  Kostyuk  believes,  particularly, 
that  the  alteration  hypothesis  for  the  origin  of  the  resting  potential  has  been 
finally  repudiated.  OA.„.KMreUfi  noted  that  a  refusal  to  accept  this 
hypothesis  does  not  necessarily  mean  a  refusal  to  accept  the  main  position  of 
the  sorption  theory  wiA  reference  •  to  the  decisive  role  of  protoplasm  in  the 
disttibution  of  substances  between  the  cell  and  the  medium  and  in  the  generation 
of  the  resting  potential,  the  locallaatlon  of  a  potential  jump  at  the  border  of 
the  cell  cannot,  in  his  opinion,  serve  .as  proof  of  the  exclusive  role  of  the 
membrane  in  the  generation  of  the  resting  potential.  V.Ya,  ,Aleks,a^  noted  the 
solid  foundation  of  many  critical  comments  made  with  respect  to  the  sorption 
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theory.  In  his  opinion,  the  direct  participation  of  enzymes  in  the  transportation 
of  certain  substances  into  the  fteli  ianhdt  be  denied.  However,  the  sorption 
theory  of  petweabillty  and  the  dfrfiaturatidn  theory  of  excitation  maintain  their 
importance  as  conceptions  maki««  it  possible,  despite  specific  defects  inherent 
in  them,  to  include  quite  a  large  group  of  phenomena.  A.S.  Troshln  focused 
attention  on  the  ptdblem  of  the  condition  of  the  electrolytes  in  the  cell  and, 
partlcdiariy*  potassium.  U  his  epinlon,  the  existence  of  potassium  in  the  cell 
in  three  different  forms  and  the  absence  of  any  correlation  between  the  magnitude 
of  the  resting  potential  and  the  distribution  of  potassium  (in  the  area  of 
physiological  concentratidtts  of  the  latter  In  the  medium) ,  which  has  been  shown 
by  a  number  6f  authors , /poorly  esiplalned  from  the  standpoint  of  the  membrane  tHeor 
Troshln.  arguing  with  Kostyuk.  expressed  his  belief  that  the  "period  of  sacrifices 
for  proponents  of  the  membrane  theory  had  not  yet  been  completed.  It  should  be 
noted  that  discussions  on  Ae  problem  of  the  nature  of  the  bioelectrical 
phenomena  were  of  a  business-like  and  friendly  nature.  Among  those  present  at 
the  meeting  the  impression  was  created  that  the  cause  of  the  disagreements  lay 
chiefly  in  the  inadequate  state  of  study  of  certain  phenomena.which,  because  of 
this,  can  be  Interpreted  differently  at  the  present  time. 

In  the  report  of  A.h.  ftraun.  V.L.  Nemchinskaya,  H.M.  Mesvetayeva  and 
V.l.  Sokolova  (Institute  of  Cytology  of  the  Academy  of  Sciences  USSR,  Leningrad) 

''  reported  new  material  concerning  the  rate  of  exit  of  certain  substances  from 
isolated  muscles,  including  proteins,  enzymes,  amino  acids,  creatine,  phosphoric 
acid  and  potassium.  It  was  shown  that  in  the  presence  of  various  alterative 
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influences  the  rate  of  exit  of  these  substances  increases. 

Braun  explains  the  data  ^taientoi  the  vlevrpoint  of  the  denaturation  theory 

of  excitation  and  injury. 

t.M.  Seravin  (tafiltttrj^  Ottivarsity)  reported  his  investigations  of 
the  rhythmical  activity  of  the  tBiuSoiflah  Splrestoiaum.  The  speaker  showed  that 
the  rhythmical  actiail^  ef  these  tafueorlans  can  be  produced  by  various  agents: 

le  effect  of  alcohol,  salts,  urea,  atropine,  ATP,  certain  dyes,  suetbse  and, 
finally,  by  taechanical  and  electrical  stimulation.  Seravin  does  not  associate 
the  occurrence  of  the  rhythm  wlldi  a  disfiurbance  in  the  relationships  betvreen 
Ca  and  K  (or  other  eatiowsj,  since  the  idiytaim  miqr  be  produced  also  In  solutions 
free  of  univd^atit  aatlona,  but  rather  with  an  increase  In  excitability,  which, 
in  his  opinion,  ai«»ys  precedes  rhythmical  actl\rt.ty. 

The  last  report  lUHsrd  an  this  Aa^  was  that  of  A.P»  Pyb^  and  V^A. 
Zhuravlev  (Vvm  afedioal  Itratitute)  concerning  a.method  of  lyophiltxatlon  of  tissue 
which  they  worked  out  \diich  does  not  interfere  with  the  intravital  distribution 
of  neutral  red  la  the  eell*  mahlag  it  possible  to  study  the  parsnecro tic  reaction 
of  the  cell  in  permanent  preparations.  It  was  noted  ia  the  discussion  that  this 
method  opens  up  new  petapeotlvei  ta  the  study  of  paranecrosis,  particularly  of 
its  early  stage*. 

The  evening  session  on  13  October  was  opened  by  the  report  of 
M.M.  Emanuel'  (Institute  of  Chemical  i'hysles  of  the  Academy  of  Sciences  USSR, 
Moscow)  on  the  topic;  "The  Free-Radical  Mechanism  of  Conversion  of  Normal  Cells 
Into  Tumor  Cells".  The  speticar  praaented  an  original  hypothesis  concerning  the 
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.  nialignifylng  effect  ftea  twi  the  cell  arising  from  the  Influence 

of  various  carcinogetilc  tmettitSu  (fiKiee  they  occur  in  the  cell,  the  free  radicals, 
by  virtue  of  the  principle  of  rise  ladeatrocttbillty  of  the  free  valance  gradually 

are  included  in  pr(»gfesstvaly  tmfet  raagtlohs,  including  and  altering  the  entire 
eeli  stetabolism,  is  tSte  final  analyils,  and  eonmrtlng  such  a  cell  into  a  tumor 
cell  from  a  normal  an®.  The  ll«a  the  ftee*' radical  mechanism  of  the  tumor 
process  has  urtiide  It  pcasihle  for  the  author  to  advance  Jhe  idea  of  utilizing 
non-toxic  inhibitors  af  todlcal  fctptosses  primarily  Inhibitors  of  chain 
oxidative  ptoceMai  Cantoxldanto)  to  #ne  of  the  rational  principles  of  cancer 
chemotherapy.  Xn  toStorini  <ttostiotti  l^e  speaker  emphasized  the  fact  that  the 
presence  Of  •  ptotofiige^  latent  patlod  In  formation  of  malignant  tumors  doet 
not  contradict  iSha  li^^fhatfs  Whtcit  he  has  pmposed,  since  the  free- radical  t3^ 
of  metabolimn  vStieh  aeeuto  tn  the  toll  nto  to  isalntalned  for  an  infinitely  long 
time  in  prinefplat.  As  far  to  fto  diaracteriatlea  of  liie  iiftlbitors  of  the  radical 
reactions  ptopoato  ate  eofitoraad,  to«y  ton  tomplefaly  mon-toxlc,  but,  according  to 
existing  ptoliuinacy  dita«  ttop  pnsseee  a  eertain  amtogente  affect. 

Emanuel '  *s  raport  toif^d  a  lively  diacuBslsn.  A.I.  Serebtov  * 
emphasized .  that  toe  prohltot  of  matiptailt  jprawth  lias  eeased  to  be  merely  a 
nedieal  prohlets,  Ttorcfoce,  the  eooperatlve  work  af  hitloglsts,  physicists  and 
chemists  in  file  ^etd  of  oncology  can  only  to  we  loomed.  S.R.  Aleksandrov  noted 
the  great  SMpartanto  of  new  ideas,  new  points  of  view  tod  neif  working  hypoftoses 
for  oncolsgy.  However,  to  X«S*  Aharakty  amphasiaed,  the  speSIcer's  viewpoint 
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is  very  disputable.  It  is  hard  to  agree  that  everything  is  chemically  altered 
in/cancer  celly  as  is  postulated  by  the  hypothesis  proposed.  The  great  duration 
of  ^he  latent  period  In  carcinogenesis  has  not  been  satisfactorily  eKplained 
from  the  viewpoint  of  the  free«radical  mechanisms. 

The  report  by  T.G.  Khaleyeva  (Institute  of  Experimental  and  Clinical 
Oncology  of  the  Academy  of  Medical  Sciences  USSR*  Moscow)  was  devoted  to  the 
investigation  of  the  effect  of  new  antinecplastlc  preparations  on  tumor  cultures 
and  on  normal  human  tissues.  It  was  shown  that  preparations  of  the  new  type 
peptides  of  sarcolysln  or  n*-dl*(2*chlorethyl)  aminophenylacetic  acid  possess  a 
considerable  selectivity  of  effect:  tumor  cells*  die  under  the  influence  of  the 
peptides  at  concentrations  two  to  four  times  less  than  concentrations  which  are 
lethal  for  normal  cells.  The  selectivity  of  the  effect  of  these  peptides  is 

greater  than  for  embiquine*  Thio^Tef  and  sarcolysln. 

I.B*  Zbarskiy  (Oncological  Institute  Imeni  P.A.  Gertsen*  Moscow) 
presented  data  concerning  the  biosynthesis  of  protein  in  the  nuclei  of  normal 
and  tumor  cells  which  he  obtained  in  conjunction  with  K.A.  Perevoshchikoya. 

It  was  shown  that  the  tiuclel  of  tumor  cells  take  up  amino  acids  in  vivo  less 

actively  and  are  different  from  normal  cells  in  the  distribution  of  radioactivity 

among  ' 

.  the  nuclear  proteins.  Ihe  authors  shoved  the  uptake  of  :  amino  acids 

also  in  proteins  of  isolated  cellular  nuclei  of  the  liver*  spleen  and  rat  sarcoma. 

This  process  was  suppressed  by  metabolic  inhibitors  and  by  .  sulfhydryl 

compounds.  Under  certain  conditions  it  was  possible  to  show  that  the  uptake  of 

tagged  amino  acids  was  associated  with  an  increase  in  the  protein  nitrogen* 


that  is\  it  reflected  the  hiosyhthcsis  of  protein. 

In  the  report  by  Gutkina  and  A.V*  Talalayeva  (Institute  of 
iiiological  Physics  of  the  Academy  of  Sciences  USSR,  Moscow)  the  great  possibilities 


of  fluorescenl^microscopy  were  demonatrated  both  in  the  study  and  in  the  practical 


cytological  diagnosis  of  tumors  arid  their  me tas Crises* 

At  the  morning  aession  on  14  October  reports  were  presented  on 
radiation  cytology*  In  the  report  by  Heysel  * «  6* A*  Medvedeva  and 

Poglaaova  (institute  of  Microbiblogy  of  the  Academy  of  Sciences  USSR,  Moscow) 
certain  rules  and  regulations  were  discussed  with  respect  to  the  death  of  cells 
directly' during  Irradiatlori,  the  condition  of  cells  after  various  doses  of 
radiation,  as  well  as  characteristics  of  the  reaction  of  the  mitochondria  to 
irradiation*'  In  the  opinion  of  the  speaker  (M*K.Meysei *) ,  radiation  injury 


of  the  cytoplasm  plays  an  , essential  part  in  the  general  radiobiological 
effect  and  specifically  exerts  an  unfavorable  effect  on  the  nucleus  (in  his 
concluding  statement,  however,  M*N.  Meysel*  made  it  clear  that  the  Injury  to  the 
cytoplasm  is  of  essential  importance  only  in  acute  .radiation  inju.ry) ,  in  spite 
of  the  views  of  B.L*  Astaurov,  In  answering  a  question  concerning  the  relative 
role  of  the  direct  and  indirect  effects  of  radiation  on  the  cell,  Meysel* 

emphasized  that  great  importance  should  be  ascribed  to  the  direct  effect, 
apparently,  in  connection  with  the  latest  ideas  of  the  particular  state  of  water 
}  in  the  cell,%which  considerably  restricts  the  sphere  of  action  of  the  free-radical 
mechanisms,  r  v-'^  J/  .i.c  -rj.'  •.  ;» 


c\  o 

taw  tj 


V.P.  Partbok  (Institute  of  Cytology  of  the  Acatony  of  Sciences  USSR, 
Leningrad)  suggested  a  single  explanation  for  the  protective  effect  of  anesthetics 
both  at  the  level  of  the  intact  animal  organism  and  at  the  level  of  the  cell  in 
his  report,  namely,  the  adsorptive  displacement  of  oxygen  molecules  from  cell 
surfaces  and  a  reduction  in  the  concentration  of  the  primary  products  of  aerobic 
water  radiolysis. 

N.l.  Shapiro  (Institute  of  Biological  Physics  of  the  Academy  of  Sciences 
USSR,  Moscow)  presented  experimental  data  on  the  study  of  the  effect  of  protective 

^  *5,  Jim-, 

substances  at  the  cell  level.  Utilizing  the  frequency  of  chromosomal  aberrations 
in  the  Irradiated  mouse  Ehrlich  carcinoma  as  a  criterion,  the  speaker  showed  the 
protective  .  effect  of  streptomycin  (at  certain  concentrations)  and  of  the 
narcotics  nembutal  and  heroin, 

M,?s  Bidchman  and  Kondrat*yeva  (Optical  Institute  imeni  S,I,  Vavilov, 

Leningrad;  Central  Scientific  Research  Institute  of  Medical  Radiology,  Leningrad) 

investigated  the  effect  of  ionizing  radiation  on  the  .  bone-marrow  cells  of 

of 

animals  by  the  method  ultra*>violet  microscopy  (utilizing  an  MUF-2)  on  living  and 

fixed  preparations.  They  showed  that  this  effect  is  expressed  In  an  increase  in 
absorption 

the  .  of  ultra-violet  rays  with  a  wave  length  of  365  millimicrons  and  in 
an  increase  in  these  size  of  the  cells.  It  was  also  shown  that  fixation  in 
formalin  vapors  introduces  a  number  of  artefacts  Into  the  picture  of  Injury 
(this  latter  assertion  was  disputed  by  y,Ya,  Brodskly,  who  spoke  in  the  discussions). 

In  a  report  by  L*I.  ll'yina  (Academy  of  Medical  Sciences,  Moscow) 
certain  aspects  of  protein  metabolism  in  the  cell  organoids  in  acute  radiation 


i 
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sicktiess  were  discussed.  The  data  presented  attest  to  the  profound  disturbance  of 

jrotetn  metabolism,  particularly  of  the  occurrence  of  proteins  which  are  altered 

in  an  antigenic  respect,  possessing  a  hl^  degree  of  toxicity. 

The  speech  made  by  Ya.b.  Shekhtman  in  discussions  was  Interesting.  In 

his  opinion,  the  ^'*^!i^'^idea8  of  the  physical  state  of  water  in  cells  and  its 
with 

connections..  .  Id»e  biomolecules  make  impossible  any  direct  transfer  of  the  laws 
of  radiation  chemistry  obtained  through  the  investigation  of  aqueous  solutions 
In  vitro  to  the  processes  which  are  unfolded  after  irradiation  of  the  living  cell. 

Cherefore,  any  ideas  of  the  indirect  effect  of  radiation  on  the  biomolecule 
throu^  the  formaticn  of  free  radicals  in  an  aqueous  phase  (see,  for  example, 
Paribok's  report),  in  Shekhtman’s  opinion,  should  be  considered  as  compromised. 

In  this  connection,  the  problem  of  the  direct  effect  of  radiation  on  the  cell 
and  primarily  on  its  nucleus  should  be  reexamined.  Specifically,  factual  data 
presented  in  Mey8el"8  report,  in  Shekhtman’s  opinion,  constitute  evidence 
precisely  to  the  effect  that  the  cytoplasm  does  not  play  any  part  in  the 
developing  radiation  injury.  S.M.  Aleksandrov,  by  and  large,  •  agreed  with 
Shekhtman *8  opinion. 

\  YeaGa  21nov*yeva,  who  spoke  in  discussions  on  Meysel**8  report  noted 
that  in  t]ie  Investigation  of  cytoplasmic  and  nuclear  injuries  of  the  cell  after 
irradiation  it  is  absolutely  necessary  to  take  into  consideration  the  fact  that 
the  products  of  rediolysis  of  the  medium  (psrticulsriy  water)  in  which  the  cell  is 
being  irradiated  are  very  toxic  and  in  themselves  can  serve  as  the  cause  of 
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serious  injuries  to  the  cytoplasmic  structures. 

Finally,  in  connection  with  Paribok’s  report,  the  problem  o£  the  oxygen 
effect  in  irradiation  was  touched  on  in  a  number  of  talks. 

At  the  evening  session  B.L.  A8taurov*8  report  was  given  first  (Institute 

of  Animal  Morphology  Imenl  A.N.  Severtsov  of  the  Academy  of  Sciences  USSR,  Moscow) 

concerning  polyploidy  and  parthenogenesis  in  the  silkworm.  The  author  demonstrated 

a  system  of  obtaining  parthenogenatic  triploid  females,  which  after  crossing  with 

diploid  males  lay  about  one  percent  fertiliaed  eggs,  which  develop  into 

ij  males  and  females.  It  was  made  clear  cytologically  that  in  the 

development  of  the  parthenogenetic  triploid  females  a  frequent  pplyploidisation 

occurs  Which  leads  to  the  formation  of  both  somatic  and  sexual  hexaploid  cells. 

•ter  reduction  division  the  latter  contain  the  triploid  female  pronucleus  and 

a  result  of  karyogamy  with  ttie  haploid  male  pronucleus  form  tetraplcld  zygotes, 

which  develop  into  individuals  of  both  sexes.  The  tetraploid  females  are  fertile; 

the  tetraploid  males,,  on  the  other  hand,  are  absolutely  sterile.  One  of  the 

probable  causes  of  sterility  of  the  males  is  considered  the  aneuploldy 

/^sence  of  the  proper  number  of  chromosomes/  of  their  sperm  as  a  result  of  the 
the 

abnormal  behavior  of /chromosomes  in  meiosis^ 

V 

The  next  reports  were  devoted  to  an  examination  of  pollen  granules  and 
pollen  tubes.  The  report  by  M.S.  Havashln,  L.M.  Makushet^  and  2,.V.  Bolkhovskijch 
(Botanical  Institute  imeni  V.L.  Komarov  of  the  Academy  of  Sciences  USSR,  Leningrad) 
was  accompanied  by  a  demonstration  of  an  original  . .  colored  film  beautifully 

e. 

i 


te{»ra^Io 
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made  by  the  method  of  hl^- speed  microfilm  photography,  ^Jhich  lent  special 

the  authors'  conclusions.  Through  the  example  of  several  species  of 
Amarillis  it  was  shown  that  the  vegetative  nucleus  and  the  generative  cell  change 
into  the  pollen  tube  during  its  growth  at  a  time  when  half  or  more  of  the 
cytoplasm  has  left  the  pollan  granule.  The  vegetative  nucleus  precedes  the 
generative  cell.  Movttent  of  the  cytoplasm  in  the  tube  is  accomplished  by  two 
countarc  ^  generative  cell  is  always  in  the  ascending  current  of 

the  cytoplasm  and  is  moved  passively  in  it. 

In  the  next  report  by  V.A.  Poddubine~ArooL*.dx  X«iVj:_tsin^ »  liL- 
Petrovskaya  and  N.M.  Polunina  (Main  Botanical  Carden  of  the  Academy  of  Sciences 
USSR.  Moscow)  devoted  to  the  histocbemical  investigation  of  pollen  and  pollen  tubes 
In  certain  plants,  the  speaker  T.P.  Petrovskaya  reported  that  pollen  and  pollen 
tubes  in  64  species  investigated  contain  a  large  quantity  of  proteins,  amino 
acids  and  fat.  A  hi^  degree  of  activity  of  catalase,  cytochrome  oxidase  and 
peroxidase  m  is  characteristic  of  them.  In  many  plants  ascorbic  acid  and 
heterauxin  were  found.  Considerable  dehydrogenase  activity  was  observed  chiefly 
in  the  pollen  tubes;  however,  a  considerable  variation  occurs  in  the  content  of 
the  substances  investigated  even  in  the  pollen  used  from  a  single  anther.  A 
particularly  hi^  content  of  proteins,  SNA,  amino  acids,  enzymes  and  other 
physiological  reactive  substances  noted  in  the  apices  of  the  pollen  tubes, 

which  indicates  a  hi^  level  of  activity. 

The  next  two  reports  were  devoted  to  a  study  of  nuclear  structures. 
l.I.  Sokolov  (Institute  of  Cytology  of  the  Academy  of  Sciences  USSR,  Leningrad) 


reported  on  the  results  of  a  comparative  cytomorphological  investigation  of  the 
nucleolar  apparatus  during  the  oogenesis  of  spiders*  In  material  which  included 
17  species  the  species  specificity  of  the  morphological  characteristics  of  the 
nucleoli  was  determined  as  well  as  their  changes  during  the  course  of  the  period 

of  considerable  growth  of  the  oocytea.  Ihese  changes  were  considered  by  the 
speaker  to  be  a  morphological  expression  of  the  tendency  toward  an  increase  in 
the  general  activity  of  the  surface  of  the  nucleolar  apparatus*  It  was 
established  that  the  nucleoli  possess  different  kinds  of  fine  inner  structures 
and  differentiation. 

In  the  report  concerning  the  investigation  of  nuclear  structures  of 
amphibian  oocytes  P.V*  Makarov  (Leningrad  Sanitary-Hygienic  Institute)  presented 
his  ideas  on  the  formation  and  structure  of  chromosomes  of  *'the  lamp  brushes**  in 
the  frog  oocytes.  The  author  showed  changes  in  the  structure  of  these  chromosomes  » 
in  the  content  of  their  acid  proteins  and  in  the  DHA  in  frogs  of  different  ages. 
Contrasting  his  opinion  with  that  of  the  majority  of  the  investigators  the  speaker 
made  the  assumption  that  the  .  ’'lamp  brush**  chromosomes  do  not  show 

any  successive  connections  with  the  figures  of  the  bivalent  chromosomes. 

At  the  conclusion  of  the  meeting  V»K.  Stepanova  (Stavropol*  Medical 

Institute)  gave  a  report  on  the  topic:  **00 termination  of  the  Specific  Nature  of 

Pluoreaeanoa 

Tumor  Cells  and  Cytodiagnosis  oT  Tumors  by  Means  of  Microscopy”. 

It  was  made  clear  .  that  cancer  cells  are  different  from  normal  cells 

n  in 

their  brlgjhter  coloration  and  *  ‘  the  change  in  fluorescence  of  the  cytoplasm 

the  yellow-orange 

and  nucleus  in  the  direction  of  . .  portion  of  the  spectrum, 

t 
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t^lch  EMxattMX  can  serve  as  an  adequate  criterion  permitting  the  rapid  diagnosis 
of  tumor  cells* 

In  a  discussion  on  these  reports  a  talk  was  made  by  X»l.  Kikniadre, 
who  dwelled  on  the  problem  of  the  connection  of  the  *  *  nucleolus  and 

chromosomes*  R*X*  Salaanik  and  N*!,  Shapiro  pointed  out,  in  connection  with 

'  .  a  ■ 

Makarov’s  data,  that  -  negative  Peulgen  reaction  still  does  not  mean  the  absence 
of  DNA  in  the  nucleus,  because  it  may  be  inhibited  by  ions  of  iron.  A*A* 

P rolco f *yeva**Bel * govskiy  noted  the  great  importance  of  Astaurov’s  data,  \diich 
will  particularly  stimulate  future  investigations  of  the  causes  of  polyploldiaation* 
With  respect  to  Makarov’s  data  she  emphaslaed  that  at  the  present  time  they  cannot 
be  evaluated,  becuase  the  material  was  presented  only  in  diagrams  and  needs  a 
more  careful  investigation. 

films  was 

After  the  meeting  a  number  of  movie  .  shown  which  evoked  the 

considerable  interest  of  the  conference  participants. 

The  morning  session  of  15  October  was  devoted  to  cytochemical 
investigations. 

G.I.  Roskln.  B.  KozbuWhova  (Moscow  University)  gave  a  report  on  the 

cytoenaytnology, of  succinic  dehydrogenase.  For  the  puiT>0Be  of  deibonstratlng  this 

tbit 

entyme  in  the  ceils  of  normal  and  malignant  tissues  the  authors  used/ tellurite 

determine 

method  which  made  it  possible  to  -  '  »y  the 


topography  of  the  free  tellurium  granules  that  the  succinic  dehydrogenase  in  various 

of  , .  • 

cells  is  associated  with  different  cell  elements.  In  the  opinion  the  authors, 
the  tellurium  reaction  has  a  number  of  advantages  over  the  other  histochemteal 


methods  of  determining  this  entyme. 

Of  the  group  of  authors,  Ya.A.  Vinnikov  (Institute  of  Evolutionary 
rslology  Imcnl  I.M.  Sechenov  of  the  Academy  of  Sciences  USSR,  Leningrad)  gave  a 
report  on  the  topic  'tytochemlcal  Investigation  of  the  Activity  of  the  Succinic 
Dehydrogenase  and  of  Cytochrome  Oxidase  in  the  Mitochondria  of  Receptor  Cells, 

Neurons  and  Muscle  Fibers  in  a  Condition  of  Relative  Rest  and  Under  Conditions  of 
Excitation”.  He  showed  that  In  the  neurons  of  the  vestibular  and  spinal  ganglia, 
auditory  cells  and  certain  other  nerve  cells  in  a  state  of  relative  rest  the 
respiratory  enaymes  are  found  in  the  mitochondria.  With  excitation  there  first 
occurs  a  marked  increase  in  the ‘activity  of  the  ensyiaes,  a  swelling  and  deformation 
of  the  mitochondria,  which  after  prolonged  stimulation  are  replaced  by  a  decrease 
in  the  activity  of  ttie  enaymes.  The  authors  believe  that  the  changes  in  tiie  activity 
of  the  respiratory  enzymes  Vhlch  they  determined  confirm  the  denaturation  theory 

of  O.M.  Masonov  and  V.Ya.  Aleksandrov. 

The  report  bv  V.V.  Portuealov  was  devoted  to  a  similar  topic,  •'New  Data 

on  the  Physiology  of  Mitoebondrie”  (Brain  Institute  of  the  Academy  of  Medical  Sciences 

SR,  Moscow);  he  utilised  a  cytochemlcal  method  for  demonstrating  the  connection 

between  the  localization  of  the  succinic  dehydrogenase  in  the  mitochondria  and 

of 

the  functional  characteristics  of  the  cell.  In  e  combined  teport/L.B.  Levins^ 
and  S.M.  Kolomlna  (Moscow  University) ,  ”Morphologlcal  end  Cytochemical  Investigations 
of  the  Mitochondria  of  Nerve  Cells  Depending  on  Their  Functional  State".  It  was 
shown  that  with  an  increase  in  the  intensity  of  the  specific  function  of  the  nerve 
cells  the  morphology  of  their  mitochondria  is  changed,  and  tx  there  Is  also  an 
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increase  in  the  activity  of  the  acid  phosphatase. 

The  report  by  V.Ya.  Brodskiy  (Institute  of  Animal  Morphology  iroeni 
A.N.  Severtsbv  of  the  Academy  of  Sciences  USSR,  Moscow),  who,  by  means  of  comparing 
the  spectral  absorption  curves  and  characterizing  their  Indices 


at 


(ratio  of  the  optic  densities  of  RNA 

two  wave  lengths),  establish  the  fact  that  the  latter  varies  in  the  nucleus  and 
various  areas  of  the  cytoplasm,  was  devoted  to  the  applicatbn  of  the 
spectrophotometric  method  in  the  investigation  of  rfbonucleic  acids  of  the  nucleus 
and  cytoplasm  of  animal  cells.  This  variation  is  similar  in  the  cells  of  different 
types  and  in  animals  even  of  distant  species.  The  spealter  concluded  that  the 
change  in  the  a.  -index  in  various  portions  of  the  cell  can  be  explained  by 
differences  in  the  nucleotide  composition  and  by  the  different  constructions  of  the 
various  RNA  molecules »  but  is  not  associated  k  either  with  the  lack  of  uniformity 
in  distribution  of  the  chromophores  or  with  the  different  degrees  of  polymerization 


of  KNA  in  the. cells. 

R.I.  SalEanlk,  T.H.  Morozova  and  I.l.  Klknadze  (Institute  of  Cytology  and 
Genetics  of  the  Academy  of  Sciences  USSR»  Novosibirsk)  reported  on  the  biochemical 
research  done  on  the  Isolated  nuclei  of  the  thymus.  The  authors  confirmed  the  data 
■jf  Mir  sky  and  others  to  the  effect  that^  along  with  a  reduction  in  the  BNA  content, 
the  intensity  of  uptake  of  tagged  amino  acids  and  nuclear  proteins  is  reduced  In 
such  nuclei  under  the  Influence  of  desdxyribonuclease  as  well  as  the  fact  that  the 
capacity  of  nuclear  proteins  for  talcing  up  tagged  amino  acids  is  restored  after 

is  '  -u 

homologous(or  heterologous)  DNA  or  RNA  Introduced  Into  a  medium  where  such 


nuclei  are  being  Incubated.  The  authors  showed  later  that  this  recovery  apparently 
can  be  attributed  to  a  resyntheais  of  their  own  DNA.  «hich  has  not  been 


completely  destroyed  by  the  effect  of  desoxyribonuclease,  by  the  nuclei. 

a  report  was  gtyea  byj 

At  this  meeting/o.A.  Vasileva  (Bulgarian  cytologlst); 
she  presented  data  concerning  the  OSA  content  in  the  cells  of  the  embryonic  sac  in 

plants  of  the  lily  family. 

M.M.  Mevsel*.  G.I.  Boakin  and  Ta.A.  Vinnikov.  Who  spoke  in  the  discussions 
discussed  the  possibility  of  demonstrating  succinic  dehydrogenase  in  the  mitochondria 
by  the  tetraaane  method.  YU.M.  Olenpy  gave  hl^  praise  in  his  report  to  the 
work  of  R.I.  Salganlk  and  co-authors  noting  that  they  not  only  have  confirmed 
the  wellMcnown  data  of  Miraky  and  others  but  have  also  made  a  deeper  analysis  of 


the  phenomenon  observed  a 


At  the  evening  session  on.  15  October  Yuel  >  To] 


and  I.B.  Raykov 


(Institute  b£  Cytology  of  the  Academy  of  Sciences  USSR,  Leningrad)  gave  a  report 
on  the  role  of  polyploidy  in  the  evolution  of  protoaoans.  The  authors  pointed  out 
that  in  the  protoaoans  two  cat  «orles  of  polyploidy  can  be  distinguished.  In  the 
raicronuclei  of  a  number  of  infusorians^^  the  nuclei  of  ilyper-  and  Polymastlglna 
a  relatively  low  degree  of  polyploidy  occurs  (4n-8n).  It  is  not  associated  with 
disiuvbaneaa  ordinary  mechanism  of  mitosis.  The  macronuclei  of  the  infusorian 

and  the  original  nuclei  of  certain  radlolarians  are  characterized  by  very 
hl^  degrees  of  polyploidy  (up  to  thousands  of  n)  and  by  a  replacement  of  mitosis 
by  a  special  form  of  nuclear  division  (“segregation  of  genomes'*  -  Grelle) .  which 
represents  a  distribution  of  entire  chromosomal  sets  among  the  dau^ter  nuclei. 
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A  comparative  study  of  nuclear  apparatus  of  lower  infusorians  makes  it 
possible  to  state  that  the  nuclear  dualism  and  polyploidy  of  the  macronucleus 
•ose  within  limits  of  the  class  of  Infusorians.  Thereby,  the  occurrence  of  a 
hi^  degree  of  polyploidy  of  the  macronuclei  may  be  regarded  as  a  progressive 
line  in  the  evolution  of  protoaoans  connected  with  the  accumulation  of  large 
quantities  of  nucXeoprotelns  and  the  intensification  of  the  functions. 

The  report  of  A.A.  Xmshenetskly  (Institute  of  Microbiology  of  the 
Academy  of  Medical  Sciences  USSR,  Moscow)  which  he  presented  in  conjunction  with 
G.A.  Zavarzin  and  V.V.  Alferov  was  devoted  to  the  problem  of  the  nucleus  in 
true  bacteria  (Eubacterlalee) .  The  speaker  repeatedly  defended  the  viewpoint 
idiich  he  had  previously  expressed,  according  to  which  there  is  no  spcciallaed 
nucleus  in  the  true  bacteria,  and  the  DMA  which  exists  is  distributed  in  the 
cell  diffusely.  He  criticised  methods  of  treating  preparations  extensively  used 
at  present  for  demonstrating  the  nuclei  in  true  bacteria.  According  to  the 

deta  of  the  authors*  report,  the  nucleoids  demonstrable  by  these  methods  in 
non-sporogenic  bacteria  swollen.  and  displaced  polar  granules. 

To  the  question  of  the  role  of  the  date  on  bacterial  genetics  in  proving 
the  presence  or  absence  of  nuclei  in  them  Imshenetskly  answered  that  in  bis 
opinion  these  data,  although  very  interesting,  are  still  very  few  and  not 
completely  convincing. 

As  is  well  known,  M.A.  ReshWov  (Institute  of  Revolutionary  Morphology 
tmenl  A.N.  Severtsov,  Moscow)  has  for  a  long  time  now  been  an  opponent 

of  the  views  of  Ishmenetskly  on  the  question  of  a  nucleus  in  bacteria.  However, 

.  j 
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this  time  in  his  report,  \^ich  was  devoted  to  the  current  concepts  of  the 

bacterial  structure,  he  avoided  the  term  “nucleus",  but  rather  spoke  of  the 

nucleoids,  nuclear  structures,  etc.  The  report  was  accompanied  bya  demonstration 

microfilms  qn  the  ■  ,  ^  j 

of  a  large  number  of  dlapoaitives  and  morphology  of  bacteria. 

A>. A.  Frokof  *yeva*>Bel  * isovskaya  (Institute  of  Biological  Physics  of  the 
Academy  of  Sciences  USSR,  All-Union  Scientific  Research  Institute  of  Antibiotics, 
Moscow)  reported  on  the  data  which  she  had  obtained  in  conjunction  with 
0*N.  Kapitonova,  G.R.  Mikhaylova  and  E.B.  Shamina  concerning  the  cytology  of 
actinomycetes.  Throu^  comprehensive  investigation  on  the  cytology,  cytochemistry 
biochemistry  and  physiology  of  the  actinomycete  cell  the  characteristics  of  its 
chemical  composition,  microscopic  structure  and  the  properties  of  the  cytoplasm 
and  nuclear  elements  were  clarified.  A  close  relationship  was  established  between 
the  microscopic  morphology  and  nature  of  functioning  of  the  cell  (creation  of 
antibiotic).  It  was  shown  that  during  the  period  directly  preceding  a  visible 
division  of  nuclear  elements  the  cell  la  most  sensitive  to  irradiation. 

Changes  in  the  properties  of  the  nuclear  elements  (mechanism  of  their  division, 
content  of  DMA  in  them)  underlie  the  numerous  changes  in  the  cell  occurring  as  a 
result  of  irradiation. 

the  report  by  M.A.  Krasil*nikov  and  L.V.  Kalakutskly  (Institute  of 
Microbiology  of  the  Academy  of  Medical  Sciences  USSR,  Moscow)  was  devoted  to  a 
cytomorphological  study  of  the  anaerobic  proactinomycetes.  The  data  obtained 
did  not  confirm  the  opinions  of  a  number  of  foreign  authors  concerning  the 

L...  .  i 
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presence  of  a  complex  development  cycle  or  of  spore  formation  in  these  organism, 

6  tic  • 

The  discussions  unfolded  chiefly  on  reports  of  Imshenetskiy  and  Peshkov. 

M.N*  Meysel’  noted  that  the  previous  alternative  —  the  presence  or 

aWence  of  a  nucleus  in  bacteria  Riight  perhaps  have  disappeared p  since 

Peshkov  now  speaks  only  of  nucleoids  or  nuclear  structures  but  not  of  a  nucleus 

as  he  had  previously*  In  Meysel'^’s  opinion,  it  is  necessary  to  review  the 

criteria  of  the  nucleus  in  cytology.  At  the  same  time,  according  to  all  the 

basic  structural,  chemical  and  functional  features  the  nuclear  structures  m  in 

bacteria  should  be  considered  a  nucleus.  In  the  opinion  of  A. A*, Prokof  ^yevari 

Bel*gov8kaya  the  nucleus  of  the  hi^er  organisms  and  the  nucleus  of  bacteria 

cannot  be  completely  identified,  because  the  concept  of  chromosomes,  nuclear 
indlsruptlbly 

membrane,  etc.  are  associated  with  the  concept  of  a  nucleus. 

In  striving  for  an  accurate  scientific  terminology  we  cannot  call  a  structure 

at  various  stages  of  evolution  by  the  same  terms.  $ . I .  A_1  ikhany^  in  his  talk 

the 

eaiphaslxed  that  moat  easential  in  the  concept  of  a  nucleus  is/  biochemical  and 
functional  characterization.  In  this  connection,  the  data  of  bacterial  genetics 
undoubtedly  speak  for  the  presence  of  a  nucleus  in  them  which  is  similar  to  the 
nucleus  of  higher  organisms. 

At  the  end  of  the  meeting  the  director  of  the  Institute  of  Cytology 

some  of  the 

of  the  Academy  of  Sciences  USSR,  A.S.  Troshin,  presented  results  of  the 

conference.  Touching  briefly  on  the  history  of  organization  of  the  present 
conference,  he  presented  some  of  the  data  arid  figures  attesting  to  the  great 
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interest  In  this  measure  on  the  part  of  biologists,  physicians  as  well  as  physicists 

and  chemists.  Later,  Troshin  analysed  the  theroatics  of  works 

r>re$ented  at  the  conference  ,  ,  ,  ,  , 

^  '  which  have  been 

'ubllshed  In  the  form  of  a  collection*  The  theroatics  and  number  of  reports  to 

a  certain  degree  reflect  distribution  of*  forces  Soviet  cytology.  In 

in  the 

-this  conneetionj  the  absence  ,  “  conference  progr^a  of  any.specla*  nieeting  on 
the  microscopic  and  submieroscoplc  orgr^aiz^stioti  of  the  protoplasm  attracts 
attention  primarily.  The  mmbev  of  works  on  the  cytology  of  tnalignant  growth, 
on  die  problem  of  permeability  and  the  nature  of  biopotentials'  is  clearly 
inadequate.  Relatively  few  works  have  been  accomplished  on  plant  cells. 

In  the  conference  program  there  was  no  s^peclal  meeting  devoted  to  methods  of 

ceil  Investigation;  there  were  few  works  carried  out  with  the  use  of  tagged 
atetas .  mieroelectrode  and  mierurgical  technique,  electronic,  ultra-violet  and 
microscopy.  All  this  apparently  spealcs  for  a  certain  lag  In  these 
areas  of  cytology#  In.  conclusion  Troshin  a^cquainted  those  present  with  the 
strt/.eture  and  tasks  of  the  Scientific  Council  on  the  Problem  ‘‘Key  Questions  of 

and  posed  the  question  for  discussion  of  the  o^pedlency  of  organisation 
;  a  society  .of  cytologlsts.  . 

Tb.a  next  three  meetings  were  expanded  meetings  of  the  Scientific 

Council  of  the  Academy  of  Sciences  USSR  ori  the  problem  *^.ey  Questions  of 

Cytolog:?;**.  The  first  of  them  was  devoted  to  informing  the  participants  of 

being  conducted  at  various  places# 

the  conference  concerning  research  on  cytology 

Yu«l«  Polyanskiy  (Institute  of  Cytology  of  the  Academy  of  Sciences  USSR,  Leningrad) 

! 
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gave  a  general  introductory  report  on  the 
tasks  of  the  Scientific  Council  and  the  principal  trends  of  the  work  being 
performed  in  the  Institute  of  Cytology  and  in  a  number  of  other  scientific 
and  teaching  institutions  in  the  country.  The  speaker  pointed  out  that  the 
forthcoming  exchange  of  infowiation  will  contribute  to  a  clarifi.cation  of  the 
condition  of  cytological  works,  ^*.ich  undoubtedly  will  facilitate  the  task  of 

coordinating  cytological  investigations. 

'  •  In  the  speeches  which  then  follov?ed  given  by  a  number  of  participants 

of  the  conference  a  report  was  made  concerning  the  research  being  conducted  in 
the  institutions  ,  irttich  they  listed  on  cytology  as  well  as  on  certain 


conditions  and  defects  in  the  research  work. 

Tlie  second  session  of  the  Scientific  Council  on  the  problem  was  devoted 
to  a  discussion  of  the  results  and  tasks  on  the  investigation  on  some  divisions 

o.f:  cytology  a 

The  last  meeting  of  the  Scientific  Council  was  begun  with  a  discussion 

of  the  first  Issties  of  the  journal  Tsitologtya.  Tiie  main  editor  of  the  journal, 

A.S,  Troshln  gave  information  concerning  the  work  of  the  editorial  college  and 

the  contents  of  the  first  few  issues  of  the  journal.  In  discussing  the  report 

14  persons  participated  wlvo  noted  a  series  of  defects  and  expressed  many 

valuable  desires  with  respect  to  editing  the  journal. 

Then,  ‘  the  resolution  of  the  first  Coordination  Conference 

was  discussed  and  adopted  unmiimously.  In  the  resolution  it  was  noted  that 

in  recent  years  favorable  conditions  have  been  created  in  the  soviet  Un' 

for  Increasing  the  work  in  the  area  of  cytology, and  in  working  out  a  number  of 


\ 
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divisions  In  cytology  '  considerable  progress-has  been  made.  Tliis  applies 
to  prcMems  of  cytoacology,  radiation  cytology^  cytopbysiology  (problems  of 
irritability  ^nd  pert>.eabili  ty)  ^  the  cytology  of  plant  fertilisation j  intravltal 

investigations  of  mlcrocrganlsms  by  movie^ilwi  methods  with  sp-ecial  methods  of 

Substantial  ,  _  ,  ? 

microscopy  and  some  others.  results  have  also  been  achieved  in  the 

t  ■ 

study  of  the  interrelationships  between  the  nucleus  and  cytopla^OT  both  by 
methods  of  cytoend^ryology  and  by  methods  of  cytochemistry.  Works  on  cytochemistry 
and  on  the  application  of  rcodern  I'i'iethods  of  tissue  cultivation  and  cell  cultivatio 
have  been  revived  noticeably  in  recent  years^  the , coxftblned  work  of  cytologists 
and  optical  physicists  and  workers  in  the  optical  industry  has  led  to  the 
d.evelopTrient  of  a  number  of  original  devices  and  new  iristhods  of  microscopy* 

At  the  same  it  was  noted  in  the  resolution  that  a  number  of  the 

sections  of  cytology  being  developed  iriadequatal3"  and  lags  behind  the  level 
achieved  by  this  science  In  certain  foreign  countries. 

Tl*te  coordination  conferences  after  acquainting  the.  participants  with 
the  state  and  deveiopment  of  various  scientific  trends  presented  at  the  conference 
teco^gciized  the  following  as  necessary: 

lu  That  research  in  microscopic  and  submicroscopic  organisation  of 
the  cell  ■t'-ritb  the  application  of  special  current  methods  of  investigation  and 
primarily  of  electron  microscopy  he  increased  markedly. 

Tl“iat  work  be  5,nte'tisif ied  on  the  s'tudy  of  cell  reproduction  and 
elementary  cell  structures  at  the  microscopic  and  submicroscopic  level. 


directed 

Ti-.at  special  attention  be  '  to  the  study  of  morpholoEy, 


physiologjr  and  biochemistry,  of  mitosis  witii  the  utilization  of  antimetabolites 
and  tagged  compounds. 

inadequate 

4.  In  connection  t»ith  the  extremely  development  of  research 

in  special  fields  of  physiology  and  cell  morphology  works  should  be  expanded  on 
problems  of  fertilization,  growth,  differentiation,  contractile,  and  secretory 


functions  of  the  cell. 

4.  Work  should  be  extended  on  a  broader  scale  concerning  the  most 
important  problems  of  cell  physiology,  irritability,  pentisability  and  cellular 
adaptations. 

In  the  near  future  work  should  be  Increased  In  the  field  of 
ffiorphologi’  and  physiology  of  the  plant  cell ,  as  well  as  investigations  in  the 
field  of  raoriihology,  physiology  and  biochemistry  of  the  processes  of 
maligaanfc  degeneration  and  the  study  of  the  Interrelationship  of  viruses  and 


hoSt>C:ell«5* 


6.  In  connection  with  the  expansion  of  the  application  of  atomic 
energy  and  the  increase  in  the  possibility  of  radiation  injury^  research  should  be 

developed'”^  *  in  the  area  of  radiation  cytology.  It  is  also  neccssar 

the 

to  increase  the  study  of/bacterial  cell  and  of  unicellular  organisms. 

7.  Tiic  conference  notes  the  essential  significance  of  the 
experimental  cytologlcal  research  on  the  problem  of  development  and  heredity 
and  also  directs  special  attention  to  the  necessity  for  creating  new  methods 
of  cytological  research  and  improving  those  used  at  the  present  time. 


! 


For  purposes  of  the  further  developtijent  of  cy  to  logical  research  in 
the  USSR  the  First  Coordination  Conference  considers  the  following  measures  to  be 
of  first  irnpor lancet 

1.  Coordination  scientific  conferences  for  the  purpose  of  discussing 
key  questions  of  cytology,  planning  arid  coordination  of  scientific  works  to  be 
accomplished  in  various  scientific  groups  should  be  held  periodically  (once  every 
two  or  three  years);  the  Sclent 1 tie  Council  should  be  given  the  organisation  of 
s'^rniposla  on  the  most  Important  cytological  problems  and  on  those  which  are 
being  worked  on  most  intensely  and,  particularly,  a  s^rniposium  should  be  held  in 
1960  devoted  to  the  role  of  denaturation  phenomena  In  physiological  processes* 

2.  In  connection  with  the  fact  that  at  the  p re; sent  time  the  requircmen 

made  on  young  specialists  in  the  field  of  cytology  have  increased,  the  most 
serious  attention  should  be  given  to  the  trairdng  of  cytolcgical  personnel  of 
broad  profile  /specialised  in  a  large  field/*  Teaching  of  cytology  should 

be  expanded  in  the  medical  and  pedagogical  Institutes,  Talcing  into  consideration 
the  fact  that  none  of  the  existing  textbooks  cn  cytology  can  be  considered 
satisfactory  it  is  essential  to  set  about  preparing  a  Soviet  textbook  on  cytology 
as  a  basis  for  the  training  of  young  cytological  specialists. 

In  the  resolution  the  great  beneficial  significance  of  the  creation 
of  the  journal  Tsitolog^^a  was  noted  for  the  development  of  cytology  and  the 
necessity  of  increasing  its  volume,  iraproving  its  formulation  and  for 

publishing  a  resimi6  of  the  articles  in  a  foreign  language.  In  the  resolution  the 
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strengthening  ^ 

necessity  was  mentioned  for  the  material  foundation  for  cytologxcal 

research.,  A  problem  of  first  importance  in  this  direction  should  be  the 

production  of  better  microscopes  and  of  the  various  adaptations  for  it,  a  radical 

improvement  of  existing  types  of  microtomes j.  the  const^ruction  and  production  of 

apparatvis  for  lyophili^atlons  various  centrifuges,  separators  for  separating  the 

ceil  components.  The  creatloni  of  special  electrical  measuring  and  electronic 

apparatus  for  cytophyslological  research  /iauterkCe  incomplete  in  original  tex^. 

It  Is  also  essential  to  provide  laboratories  with  a  broad  assortment  of  standard 

chemically  pure  reagents,  stains  and  other  cc^mpoundtu 

cotxcluslon  of  the  First  Coordination  Corifereiice  the  general  belief 

was  expressed  that  the  accOTplishment  of  all  the  tasks  noted  in  the  resolution 

make 

vill  make  It  possible  for  Soviet  cytology  to  great:  scientific  achievement r,. 

During  the  conference  at  the  Institute  of  Cytology  a  demonstration  of 
cytological  preparations  was  held  and  eidiibits  of  new  models  of  microscopes  and 
the  latest  Soviet  and  foi*elgn  literature  on  cytology  operating  continuously, 
which  was  very  successful  with  the  participants  of  the  conference. 
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Some  Biolog;lcal  Ing^titutlons  of  France 

By  Yxjil.  Poly^nskly^  . 

Institute  of  Cytology  of  the  academy  of  Sciences  USSR,  Leningrad*. 

By  va.y  of  a  cultural  exchange  between  the  Acadetny. of  Sciences  USSR 

and.  the  iatlonai  Scientific  Research  Center  of  Franca  (Centr^  National  de  la 

Hilchat'che  Bcientiiiqm^  abbreviated  ONES)*  Tne  author  of  this  article  was  sent 

to 

on  a  two'-tsonth*s  trip  on  scletitlflc  detached  service  .  France  (from  the  end  of  . 
November  1958  through,  the  end  of  January' 1959)  •  The  detached  assignment  pursued 
a.  double  aim;  1)  acquaintm^ce  v^ith  certain  biological  Institutions  of  Francs, 

2)  scientific  work  at  the  biological  station  at  Boscoft  (Brittany)  with  respect  to 
a  topic  being  worked  out  at  the  Institute  of  Cytology  and  dealing  with  a  cotnparativ 
study  of  the  nuclear  apparatus  of  proto2;oans. 

In  the  present  article  I  should  like  to  give  a  brief  characterization 
f  the  organization  of  scientific  work  in  the  field  cf  biology  in  France  and  to 
discuss  briefly  the  activity  of  certain  scientific  biological  institutions* 

It  goes  without  saying  that  for  the  relatively  short  time  of  sny  detached  service 
assigntnerit  1  was  able  to  become  acq*aaiated  with  otily  several  laboratories*  For 
three  weeks  X  was  in  Paris  and  for  a  month  I  t^as  at  the  biological  station  at 
Roscoff.  In  addition,  I  had  the  opportunity  of  visiting  the  biological  station 
at  Bamsyls  (Mediterranean  Sea*  French  Pyrenees)  and  the  newly  organized  University 
at  Rheims*  ‘  - 

In  all  the  institutions  which  I  visited  X  was  given  an 
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exceptionally  friendly  reception  by  ■  my  French  colleagues.  I  should  particularly 
like  to  express  my  appreciation  to  those  French  colleague.s  who  gave  me  particularly 
great  aid  and  assistance.  Tl’sese  were  Professors  Teissier  (ihe  Sorbonne) ,  Prenant 
(!^he  Sorbonne)  j  Lamotte  (the  Sorbonne),  Faur^-Fremier  (CNPiJ)>  Ephrussi 
SDrbonne)and  CNES)  ,  scientific  worker  of  the  Pasteur  Institute,  Gelin, 

Professor  Goncharova  (University  of  Professor  Petit  (Director  of  the 

iiologlcal  Station  at  Banuyls)  Prcfeseror  Dollfas  (Musewi  of  Natural  History). 

During  my  stay  in  France  I  became  acquainted  with  the  work  of  the 
following  scic'otific  biological  institutions:  Biological  Station  at  Roscoff 

(DirectorjProfeasor  Teissier),  4t.e  Biological  Station  at  Eanuyls  (Director, 

Professor  Petit),  the  chair  of  invertebrate  zoology  of  the  University  of  Parts 
(Director^FtofeiSSor  Teissier)  ,  the  coheir  of  comparative  anatomy  and  histology 
of  the  University  of  Paris  (Director^Professor  Prenant)  ,  chair  of  evolution  of 
organisms  of  the  University  of  Paris  (Director^  Academician  ,  the  genetics 

laboratories  of  the  Scientific  Center  (CNRS)  at  Gif^  (physiological  genetics  -- . 
Pro£es?.sor  Ephrussl^  evolutionary  genetics  and  biometry  —  Professor  Teissier; 
formal  genetics  Professor  I/Heritier) ,  the  laboratory  of  parasitology  of  the 
med Ic  al  f acul ty  o  f  the  Un Ive  r s 1 ty  o f  P  ar 1 s  (D  i re  c  to  P  ro  f e  s  so  r  Shabaud ) ,  the 
laboratory  of  parasitology  of  the  Museum  of  Natural  History  (Director  Professor 
Dollfus),  the  laboratory  of  animal  biology  of  the  Ecole  Normale  Superieur 
director^Professor  Lamotta) 5  the  laboratory  of  cytology  of  the  Scientific  Center 
(Director^Frofessor  Faude-Fretnier)  ,  and  the  laboratory  of  viruses  of  the  Pasteur 
Institute  (Director^ Professor  Ivox-j)  . 


The  biological  sciences  in  France  are  being  developed  chiefly  in 

the  wniversltless  at  the  nutnerows  biological  stations  (the  majority  of  thetn  are 

connected  with  the  universities).  Tlsc  national  scientific  center  (CNRS)  plays 

a  special  part  in  the  development  of  biology  (as  also  In  the  other  sciences), 

and  Its  iiaportance  Is  increasing  in  Ft'ance  from  year  to  year.  The  CNRS  is  a 

state  Institution  the  task  of  which  is  to  contribute  to  the  development  of  science. 

As  far  as  the  biological  sciences  att;  concerned,  the  CURS,  on  the  one  hand,  has  Its 

own  scientific  research  Institutlona ,  and  on  the  other  hand,  gives  aid  to  other 

nstitntions  (chiefly  to  universities  in  their  b'ologitsl  stations)  in  the  form 

of  assignations  for  the  acquisition  of  scientific  equipment.  In  addition,  the 

CNRS  gives  scientific  placements  (for  three  to  five  years  according  to  contracts) 

to  scientific  trarkers.  Tlie  GKRS  invites  also  foreign  students  for  working  In  the 

scientific  institutions  of  France  and  fox  giving  reports,  organises  international 

scientific  colloquia  and  finances  many  scientific  publications.  As  an  example 
itz 

may  be  pointed  out  that  during  the  period  from  October  1956  through 

October  1957  10  such  colloquia  were  organised ^  Including  three  on  matters  of  biology 

and  medicine*  '  _  • 

The  total  number  of  scientific  workers  in  the  various  ranks  working 

in  the  system  In  1958  was  equal  to  approKimateXy  1500  (in  all  sciences, 

including  the  humanitarian  sciences);  the  number  of  scientific  technical  workers 

was  approximately  the  same. 

practically 

In  contrast  to  the  Academy  of  Sciences  USSR  there  is/no  permanent  staff 
f  workers  in  the  CNRS  system  (functions  of  \diich  to  a  certain  degree  are  similar 
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the  Soviet  Acadesny).  Usually  a  coatract  Is  made  for  various  periods  of 
time  (three  to  .five  years)  with  individual  scientific  workers  after  the 
reduction  scientists;  for  the  renewal  of  this  contract  a  new 

introduction  is  required.  The  wortesre  who  carry  out  their  work  according  to  the 
CKRS  contracts  are  not  state  employees  (  ‘'fooc-tionnaires")  ,  and  this  reflects 
unfavorably  on  their  pension  provisions  or.  reaching  pension  age  they  do  not 
receive  pensions,  WS.tich  are  warded  to  scientific  workers  in  the  universities  in 

France.  Therefore,  .  .  tr.at«re  and  elderly  scientists  usually  attempt  to 

change  from  the  CSRS  gyatem  to  staff  work  in  the  university  institutions. 

At  the  present  ttma^tlie  following  biological  institutions  are  Included 

In  the  CURS  system: 

1.  Laboratory  of  Biology  of  the  Plant  Station  for  the  Study  of  Cold 
(Professor  Ulrich,  Belleville). 

2.  Laboratory  of  BiocheiRtstr/  of  Digestion  {Professor  Jacquot, 
Belleville) . 

Laboratory  of  Evolutionary'  Genetics  and  Blottetry  (Professor  Teissiei 
Gif- ve t te)  . 

A.  Laboratory  of  Formal  Genetics  (Professor  L‘prltier,  Gif-sur-Yvette) 

5.  Laboratory  of  Physiological  Genetics  (Professor  Ephrussi, 
Gif-sur-Yvetta) * 

6.  Laboratorjr  of  Photosynthesis  (Pro.fessor  Moiseatix,  Gif-sur-Yvette) . 

7.  Laboratory  of  Phytotron  /?./  (Professor  Jouart,  Gif-sur-Yvette) . 


8.  Laboranoty  of  Hydrobtologj'  ( fresh-water)  (Professor  Lefevrc, 

Gif”Sur-Yvetfa) . 

S  ^  -  tr.  i.  o  t«. 

9e  Center  of  Laboratory  Animals  (Eabourdls,  Glf-sur-Yvette) . 

10.  Xnve^tlgSfetiori  Center  of  the  Sahara  (comprehensive  laboratories s 
inelisding  biological  group)* 

11*'  l;0vigstig^t.lon  Center  of  Ker^e  Physiology  md  Klectrophysiology 
(Frofeator  Fesaard,  Paris). 

12t  LaboTOtory  of  Embryology '  and  ixpetimental  Teratology  (Professor 
Wolf,  Colley  . 

■  Laboratory  of  EKperimnt&l  Morphology  (Animal)  (Professor 
Avelle,  Bordeaux) a 

14.  Ijwestlgation  Center  of  Man  (Chiefly  of  Labor  Physiology;  Profesao?. 
Sulat,  Paris). 

'IS.  Laboratory  of  Biometry  .  (Professor  Logie r,  Paris), 

li.  Center  of  Kiitritlonal  and  Food  Products  Eesearch  (Professor 
Terruant,  Paris). 

17*  Laboratory  of  Nutritional  Physiology  (Randouth,  Paris). 

15.  Laboratory  of  Electron  Microscopy  in  its  Asplicatton  to  Biology 
(Academician  Grasse,  Paris). 

19 «  Laboratory  of  Subterranean  Reseatdn  (Professor  Wandel,  Toulouse). 
20*  Center  of  Oceanographic  Research  and  Sea  Biology  (Laboratory 
Belage,  Professor  Teissier,  Roscoff). 

i 
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21*  for  the  Study  of  Cancer  (Professor  Oberlln>  Villejulf). 

22*  Fhyto}?,eograpliic  Map  Service-  (Professor  Ernberger,  Montpellier)* 

The  list  of  scientific  iuBtitutions  of  the  CHRS  presented  above  shows 

hat  principally  work  1»  being  conducted  In’  the  field  of  the  various  divisions  of 

experimental  biology.  Tlte  problems  of  faunlstles,  classification  and  biogeogtaphy 

are  practically  not  within  the  sphere  of  of  fchc^CNKS. 

Aaldo  from  universities  ar.d  institutions  of  the  CKRS,  scientific  works 

in  the  field  of  biology  are  being  carried  out  also  in  various  other  institutions* 

The  faunistir:  and  floris-tic  mso^'s.Tch  in  large  p'?.rt  Is  concentrated  in  the  National 

MuseuB  of  Natural  History.  A  number  of  interesting  works  in  various  fields  of 

biology  )x?Ji  been  concentrated  -in  the  great  scientific  ir.stltution  —  the  Pasteur 

Institute  (microbiology >  virology,  imunology ,  saedical  parasitology  and  entomology), 

as  well  as  in  various  institutions  ^lich  are  of  scientific  practical  nature  (in 

the  system  of  the  Ministry  of  Health,  in  the  Academy  cf  Medical  Knowledge,  In 

the  Center  of  Agronomic  Research,  etc* 

It  should  ba  noted  that  research  work  of  universities  (particularly  of 

the  University  of  Paris)  and  of  the,  CNES  are  excepticnally  closely  Intertwined 

id  at  times  pra.ctlca?ily  cannot  be  separated,  Tne  same  leading  French  biologists 

are  the  directors  of  the  university  chairs  and  the  laboratories  of  the  CNRS.  The 

scientific  personnel  in  large  part  are  also  the  sairfe.  Very  frequently,  in 

laboratories  one  part  of 'the  equipment  belongs  to  the  CNPj?^;  another  to  the 

university,  etc*  For  example,  the  biological  station  at  Roscoff  is  an 

institution  included  in  the  system  of  the  faculty  of  sciences  of  the  University 
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of  Tigris •  At  tbe  sane  time,  at  this  station  there  is  based  a  center  of 

oceanographic  research  of  the  CKRS.  The  personnel  of  the  station  is  supplied 

partly  from  the  CHES  and  partly  from  the  nnivar^sity.  exmiiple  is  vary 

typical,  and  It  Is  repeated  in  various  modifications  in  all  the  biological 

the 

scientific  .  ^  institutions  of  France*  Therefore,  in  -  presentation 

#jleh  charge  to  rising  the  scie-ntific  work  of  some  biological  instltutionfc^ 

of  France  I  shall.  In  a  nsjntber  of  cases ^  have  to  begin  with  the  trend  of  the 

research,  associated  ^  usually  with  the  professor  directing  the  laboratory, 

rather  than  with,  the  ad:ain.istr®tlve'*organl:eatlonal  category  of  the  institution. 

Let  us  turn  to  a  characterisation  cf  the  scientific  activlty'of 

certain  other  research  institutions  of  the  CHRS  located  In  the  vicinity  of. Paris 

at  Gif^sur-^Tvette).  These  la?>oratorles  are  closely  associated  with  the' chair 

of  invertebrate  zoology  of  the  Sorbonne,  so  tSitat  we  shall  speak  about  them  together 

Th.e  director  of  the  chair.  Professor  Teissier,  one  of  the  outstanding 

French  sioologists,  is  at  the  seme  tiiae  director  of  the  laboratory  cf  evolutionary 

genetics  and  biometry  of  the  CHES  Gif-sut-Yvette.  Teissier’s  research  and  that 

of  his  colleag^ses  in  population  genetics,  which  was  carried  out  using  Drosophila 

taelanQg,aster>  is  of  great  interest.  Teissier  has  worked  out  an  original 

experimental  method  of  creating  populations  in  large  groups,  making  it  possible 

tssk  accurately  to  control  the  conditions  of  their  development  and  their  genetic 

structure.  In  these  experimentally  created  populations  various  mutant  strains 

have  been  introduced ^and  in  prolonged  experiments  a  study  is  being  made  of  their 

by 

interrelationships  with  the  ’’normal’*  foms  of  Drosophila.  Hera, /regulating  the 

i..-.  ■  { 
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nutrition,  conditions  are  created  for  different  degrees  of  intensity  of 
competition  and  a  study  is  made  of  tlve.  dynardes  of  natural  selection  and  the 
change  of  the  genetic  structure  of  the  populations  with  time.  By  this  method 
many  results  have  been  obtained  which  are  of  importance  in  principle  for 
understanding  the  mechanism  of  action  of  natural  selection,  h  study  was  made  of 
the  rapidity  of  the  change  in  genetic  structure  of  populations,  the.  conditions  of 
preservation  of  hetexozygotic  forms,  the  evolution  of  complex  polygenic  systems, 
the  course  of  natural  selection  with  change  in  the  environaiental  conditions,  etc. 
These  investigations,  which  enjoy  great  renown,  are  being  continued  at  the 
present  time  both  in  the  laboratory  at  Gif  and  at  the  chair.  In  recent  years 
this  method  used  for  the  study  of  the  geographic  races  of  Drosophila 

and  for/^.alysis  of  selection  rating  of  the  internal  anatomical 

characteristics,  for  example,  the.  number  of  oviducts.  Hie  research  of  one  of 

Teissier'S  co-workers,  Claudlne  Petit,  devoted  to  the  problem  and  mechanism  of 

very 

sexual  selection  in  Drosophila  are/tnteresttng.  By  means  of  very  fine 
experiments  she  succeeded  in  showing  not  only  the  fact  itself  of  sexual 
selection  but  also  in  elucidating  its  quantitative  aspect..  Jftesearch  in  the  field 
of  population  genetics  and  of  the  genetic  structure  of  the  species  is  being 
carried  out  in  Teissier's  laboratories  not  only  with  the  Drosophila  material. 

A  study  is  being  made  along  this  line  of  certain  crustaceans  (^haerosqma 
serratum)(Teissier,  Boequet  and  Levi),  Jaera  marina  —  Boequet)  and 

molluscs  —  Lanmtts.  Recently,  a  number  of  works  have  also  been  carried  out  on 
tliG  Study  of  heterosis. 
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Along  with  the  gerts* tic- population  research  in  the  laboratory  of 
evolutionarjr  genetics  at  Gif  a  ntmrber  of  cytogenetic  investigations  is  being  , 
accomplished  j  of  which  the  works  of  Bergerard  on  cytolog'/  of  parthenogenetleally 
multiplying  insects  from  the  Phasmidae  group  are  particularly  interesting*  In 
them  the  entire  picture  of  the  changes  in  the  chromosoBial  apparatus  presented 
in  detail 'both  in  the  de\^elop^«etit  of  ga'metea  and  .in  the  course  of  ontogeny* 

Along  with  the  experimental -genetic  study  of  populations  Teissier  has 
been  occupied  t^ith  the  study  of  the  xules  and  reg,ulatloris  of  animal  growth, 
chiefly  with  arthropods,  .  These  works  eon^^tltute  a  detailed  quantitative 
analysis  with  the  application  of  coirsplex  bloTOttlc  methods,  Teissier  has 
succeeded  in  giving  a  mathematical  expression  to  the  rules  and.  regulations  of 
growth,  wliieh  is  of  great  biological  interest* 

work  cf  the  chair  . 

An  important  place  in  the  scientific  /  and  laboratory  headed 

by  Teissier  is  occupied  by  research  on  the  postembryonic  development  and 
endoerinoloi^  of  arthropods.  These  investigations ,  Wb.ich  enjoy  great  tenoim^  - 
are  at  tlie  present  time  being  continued  very  actively*  Among  them  note  . 
jibould  be  made  primarily  of  the  work  of  Foscmpes  on  the  metamorttosis  of  insects 
In  DixlppusT  midges  he  experimentally  showed  the  relationship  of  the  advent  of 
moltlBg  to  the  endocrine  glands  adjacent  to  the  brain  the  corpora  allata* 

He  worked  out  a  very  fine  and  accurate  method  for  surgical  ope  rations  ^making  it 
posalble  to  remove  the  corpora  allata  and  thereby  to  elucidate  their  role  in 
the  processes  of  molting..  By  using  the  method  of  extirpation  and  transplantatio 
Posomp^.s  succeeded  in  clarifying  the  complex  relstionships  in  the  metamorphosis 
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In  certain  dlptera  (In  partlcwlar  detail  in  Calllphora  erythrocephala)  to  the 
aystein  of  endocrine  glands  associated  with  the  brain  (peritracheal  glands, 


the  •Veisiaann  ring",  the  corpora  allata)  and  of  showing  the  phenosnenen  of 

neurosecretion.  All  these  investigations  were  the  moat  important  phase  in 

/ 

the  study  of  the  pogteiabs^onic  dcvelopoent  and  metamorphosis  of  insect.  The 
technique  of  very  fine  brain  operations  on  insects  which  Tosomp^s 
mastered  with  the  art  of  a  virtuoso  was  demonstrated  to  ma. 

In  this  series  of  investigations  of  the  endocrinology  of  arthropods 
are  also  the  works  of  Clia»iatat“Cotton,  on  crustaceans.  She  succeeded  in 
demonstrating  the  existence  of  &  particular  gland  of  internal  secretion  —  the 

androgenic  glend  (gland®  andros^ne)  associated  with  the  spenn  ducts  in  the  male 
rt4.jlrt.iW  ,  Tb.  „cr.tlo.  of 

this  gland  d«!tanninas  the  developsiecit  of  the  entire  compieii:  of  male  secondary 
seK  chai^acteristlcs*  By  the  method  of  transplantation  Cotton  was  able  to 
achieve  a  complete  change  of  sex*  These  investigations  posed  the  problem  anew 
concerning  the  mechanism  of  development  of  sex  characteristics  in  crustaceans 
^  are  of  great  importance  in  principle  for  the  physiology  of  development  of 


sex  characteristics*  With  respect  to  these  works  it  is  also  essential  to 
eiGiphasixe  that  the  technique  of  microscopic  operation  is  on  a  very  hl^  level* 
The  Bislmals  themselves  dl«w.tcrs  of  about  one  centimeter,  and 

it  is  a  very  difficult  matter  to  perform  operation  of  transplanting  glands 
of  microscopic  si»e  in  them* 

the  experimental  research  of  Dupont-Raabc  devoted  to  the  experimental 
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in  insects  are  contigtious  with  this 


color 

analysis  of  the  change  in 
series  of  works.  She  was  ahle  to  show  that  these  changes ^  v?htch  frequently  are 
of  an  adaptive  nature,  arc  carried  out  under  the  control  of  the  nervous  system 
ant!  the  glandular  apparatus  associated  with  it. 

In  addition  to  'rfliSit  ha®  been  analyzed  above,  a  nmaber  of  works 
arc  being  accomplished  in  the  laboratories  of  Teissier  by  his  co-workers  smd 
students?  the  majority  of  these  wc-fks  are  associated  with  one  of  tdi®  trends 
listed  above* 

Itwestigaticne  bels7.g  out  te  the  directed  by 

Professor  Epbrussil  at  the  Sorborme  and  Gif  {CTES  — *  laboratory  of  physiological 

genetics)  arc  of  great  intereet*  llte  majority  of  are  devoted  to  the 

genetics  of  ttjlerooi^ganlsms^*  Here^  extensive  \me  Is'  being  made  of  cytochemical 

and  blocheialcal  methods*  the  investigations  are  being  carried  out  on  a  very 

high  techrdcal  level.  Hetbods  of  cultivating  various  microorganisms  have 

been  worked  out  (Including  fungi*' -ascomyee tee  and  basidiomyeetes) ,  making  it 

m&divm  £ 

possible  to  control  acetsrately  the  cenditionB  of  the  of  the 

principal  problems  being  worked  on  In  the  laboratories  of  Ephrussi  is  the 

problem  of  the  interrelationship  of  tlie  nucleus  and  cytoplasm  in  the  phenomena 

of  heredity*  In  this  direction  the  works  of.  a  co-^worker  of  Ephrussi^ 

\ 

Slonimeki ,  devotci!  to  &e  study  of  the  respiratory  processes  in  ysasts  as 
deterEtiij^ed  by  cytoplasjEilc  factors,  are  of  great  interest,  slontinskt’s  and 
tysarowEkl's  investigations  on  the  transformation  of  the  respiratory  enzymes 


Tlie  sunhors  have 


managed , 


of  yea$ts  Is  particularly  interesting, 
by  means  of  adaptation  to  environmental  conditions, 


to  convert  an  anaerobic 


enjsyrae  into  an 


aerobic  enzyme  and  to  observe  its  subseqtient  hereditary 


transrolssion* 

Of  great  iitterest  in  principle  are  also  the  experimental  investigations 
being  carried  out  by  Ephrussl  at  present  on  the  transformation  of  heredity 
properties  of  pneumococci  by  means  nf  the  Influence  of  desoxyribonucleic  acids  on 
them  (DMA) .  The  autiior  manged  to  obtain  a  heredity  change  In  the  pneinnococci  by 
this  method  (.  specif icelXy,  with  respect  to  the  features  of  resistance  to 

antibiotics)  and  to  study  quite  accurately  the  actual  mechanism  of  assimilation 


of  DHA  macromoleculcs  during  the  course  of  Induction. 

using  ttta  ascomycete,  Ascobolus  ImmersM  as  material.  Rlsct  made  a  study 

hereditary 

heredity  variatioits  (mutation)*  Kore  than  60  different  types  were 

hereditary  being 

obtained,  and  the  mechanism  of  their  transmission  /invest  ga  e 

Genetic-physlologlcal  investigations  into  the  phenomena  of  aging  of  the 
ascomycete  Rodospora  ansarlna  (HlBet  and  Marceu)  ate  also  very  interesting. 

Through  various  influences  it  was  possible  to  produce  a  •'rejuvenation"  of  the 
clones.  The  phenomenon  of  induction  was  clarified  with  respect  to  "aging"  clones 
to  ^’normal**  clones  and  back* 

A  Study  Is  also  being  made  of  the  ^netics  of  basidlomycetes  throu^  the 
material  of  Coprlnus  flmetarius.  Recently,  electron  microscopic  investigations 
on  various  yeast  mutants  have  been  begun  with  the,  aim  of  clarifying  the  fine 
differences  between  them  at  a  molecular  level  (Ephrussl  and  Jotsujanagt). 
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The  laboratory  teadad  by  the  emloont  Freticb  genlticist  L‘li^rttier,  has 
the  Ba.Be  of  the  Laboratory  of  Formal  Genetics.  However,  thie  doe.  not 

correspond  to  the  content  of  work  of  the  laboratory,  because  the  laboratory  does  not 
occupy  itself  i«  Kendeltan  genetic  analysis  (^ich  Is  what  ts 

the  n®e  ‘Tomal  Genetics").  Ihe  principal  content  of  the  works  of  /laboratory 
consists  of  a  study  of  the  heredity  of  vit^usas,  is  being  ac.co.rAished  with  the 

use  of  hrosonhiU  iB^portance. 

because  the  problem  of  the  Interrelationship,  of  the  virus  and  the  cell,  of  the 
virus  and  the  macroorganism  is  of  outstarAlng  theoretical  and  practical  interest 
(paaogenlc  viruses!).  L‘M4ritler  succeeded  in  showing  that  drosophtU  can  be 
infected  with  a  virus  the  presence  of  which  •  in  the  body  is  expressed  in  a  change 
in  the  resistance  of  tha  flies  to  carbo4iioxide .  A  detailed  investigation  of  the 
interrelationship  of’ the  virus  and  the  drosophila  organise,  showed  that  these 
tnterrelationhhips  may  vary.  The  virus  may  be  eteoly  a  paresite  in  the  fly  tissue. 
In  other  canes  the  virus  enters  Into  close  symbiotic,  relationships  with  the 
cellular  elements  end  becomes  a  kind  of  part  of  the  macroorganism.  In  the  latter 
ca«.  It  is  transmitted  by  heredity  usually  throng,  the  cytoplasm.  With  this 
•‘■assimilation"  of  the  virus  by  the  orgmim  the  virus.  In  its  turn,  is  changed  and 
.  and  is  not  capable  of  going  into  ^"parasitic"  state  directly.  Ihese  Investigation. 
.  part  of  which'  been  published,  are  being  developed  vigorously  at  the  present 
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In  the  old  building,  end  .  it  is  very  crow'ded  in  tbem^  which  considerably 

or>xnplice£es  the  development  of  research  work  in  the  University  of  Paris  itself* 

Tliese  difficulties  are  aggravated  even  more  by  the  existence  of  a  very  large  number 
the 

of  students*  Xn/195B/59  school  year  there  were  about  1000  biology  students  in 

the  first  year  of  the  main  departrcnt  {“ilcencicns’^) .  Tlte  lectures  on  invertebrate 

sRdology  arc  given  in  four  shifts*  1!he  l^iboratory  for  the  student  practicums  is 

extremely  overloaded...  All  ti*is  creates  conditions  which  are  not  very  favorable 

for  scientific  work.  There  is  a  different  picture  in  the  research  institutes  of 

:hc  CSflRS  at  Gif*  In  recent  yearSj^four  new  l^xbcratory  structures  have  been  built 

Which  satisfy  all  the  requirements  for  experimetital  work  (Fig.l)*  The  construction 

of  the  new  buildings  ta  being  continited*  The  scientific  equipment  of  the 

biological  institutions  at  Gif  is  on  a  hi^  level*  There  are  modern  optical 

eq^sipment,  various  centrifuges,  multiple  Incubators,  refrigerating 

appar^^itus,  etc*  Tticre  is  no  electron  microscope  at  Gif*  The  very  well  run 

orgmiisation  for  breeding  animals  attracts  attention.  There  is  a  special  ^’laborator; 

animal  selection  ccntei*”,  where  small  laboratory  mammals  are  bred;  here  special 

selection  work  is  being  carried  out  for  the  purpose  of  obtaining  the  most 
homogeriaous 

strains  possible  with  respect  to  their  hereditary  nature.  In  addition, 
at  Clf  there  is  a  larj^  Inccctariiwn,  in  which  a  multitude  of  various  insects  is 
bred.  Including  tropical  Insects  (tropical  forms  of  midges,  roaches,  etc.)* 

All  this  heterogeneous  living  material  is  being  utllissed  for  experimental  work. 

Ttie  Institutes  at  Gif  are  located  in  a  large  old  park  (about  60  hectares)  with 
.  varied  vegetation  and  small  water  bodies.  All  this  makes  it  possible  to  obtain 
varied  living  material  directly  from  nature* 
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ksaon^  the  biological  institutions  of  Paris  an  important  .place  is  occupied 
by  the  laboratory  of  evolution  of  organisms  (Laboratol|ie  de  1 'Evolution  des 
^tres  Organisl^s) ,  directed  by  tha  very  great  French  zoologist.  Academician,,?.  Sr*SE 
This  laboratory,  «b.ich  has  been  included  in  the  Sarbonne  system,  is  also  closely 
associated  with  the  CKKS,  because  the  laboratory  o£  electron 

aiicroscopy  is  situated  on  its  grotmde  ('  do  Microscopie  Electronique 

Ippliqsjde  a  laBiologie). 

At  the  present,  tiwe  this  laboratory  is  located  in  a  fivc-story  building 

which  has  recently  been  specially  constructed  pn  one  of  tlie  main  streets  of  Paris 

.(105,  Boulevard  tospail).  The  ecient.lfic  ther.atics  of  i  Grass! ‘s  laboratorres 

are  varied,  and  a  largo  atiaiber,  of  ecienttfic  westers  work  In  thosn  (part  of  thatn 

in.  . 

froirj  tl-se  CHES)  ^  T'^o  prlncipii:!  trsrud!^  ma.r  te-noted  large  nismber  of 

Imrestlgatlons.  I'ne  first  is  the  clectron-mlcroscopic  trend,  cytological  and 

the 

protistologieal  work  devoted  to  the  study  of/flne  structure  of  the  cell  organoids. 
The  second  trend  is  the  study  of  ecology  of  insects,  chiefly  of  the  so-called 

ty '  insec s 

In  the  first  of  these  trendis  a  iwimber  of  IrAportant  iOTestlgations  has  bee, 
made  by  Gras.s^  hteself  in  collaboration  with  Carsso,  Favard,  Tl»eodorides, 

BragfcscOj  Slolrot-fimothi^e).  A  study  was  also  asade  of  the  structure  of  chromosomes 
and  the  Interkinefctc  nucleus  (on  various  biological  objects).  Grass/  has 
succeeded  in  shomng  that  in  the  interkinetic  nucleus  (for  e^mple. 5  in  the 
spe/mcitosoa  of  gastropod  molluscs)  there  are  distinct  fibrillar  fjtructureSj  vjlilch 
are  the  result  of  chromonetne  of  the  chromosomes*  Tl.'iese 


data  arc  of  importance  In  principle,  because  one  of  the  most  disputable  problems  of 
modern  cytology  Is  the  problem  of  euccessicn  in  chromosomes  in  the  period  of 
interlcinssis  and  the  structure  of  the  interkitietlc  micicus*  These  works  were 

widely  represented  In  the  division  of.  science  of  the  world  in  Brussels 

(see  the  article  by  V.I.  Vorob'yev  in  journal  No*4  of  Tsltologya  for  1959)* 

has 

k  number  of  electron-microscopic  studies  been  devoted  to  the 

problem  of  the  fire  structure  of  Golgi  apparatus  and  to  the  parabasal  apparatus 

of  protozoans  homotogems  with  it  (in  Grasse’s  opinion).  The  characteristic 

laminated  structure  of  the  Golgi  elements  was  sb.ot^mp  and  this  was  related  to  the 

function  of  this  organoid.  Interesting  data  were  obtained  concerning  the 

structure  of  the  ergastoplasmjand  the  presence  of  it  in  protozoans  was  shown  for 

the  first  time.  All  these  works  are  being  carried  out  on  a  hi^  technical  level; 

there  are  two  electron  microscopes  of  American  brands  (recent  construction)  in 

the  laboratory,  wli^ich  give  a  high  resolving  .  power  and  very  distinct 

photographs.  The  electrcn  microscopes  are  serviced  by  a  fipecial  staff  of 

engineers  and  technicians  (five  persona).  k^:ide  from  ;  electron  microscopy 

there  is  a  special  department  of  cytochemistry  (Gabl^) .  The  cytochemical  research 

is  being  carried  out  in  parallel  with  the  clectrcn-mlcroscoplc  research, 

Ihe  second  trend,  the  ecolo^  of  '’community  insectsY  is  represented 

by  large  number  of  topics.  We  should  like  to  note  the  principal  ones. .  Grass^ 

* 

and  Noirot  have  been  occupied  with  the  biology  of  termites*  One  of  the  principal 
problems  of  interest  to  them  Is  the  problem  of  the  nature  of  the  polymorphism  and 

\ 
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fto  f«tots  producing  it.  Thu  ».rk.  of  Albrucht  ou  gr.tohoppur,  .ru  Inturuotlug. 
to  .rporlu.ut.1  utudy  It  holug  -odu  »£  »<=  effuet  of  grugarloud  lit.  ou  v.rl.blU., 
It  .bo™  that  .  u».b.r  of  »orphologle.l  oh.iatt.rlttlc  (.uoludlug  color) 

Chung.  ..thodly  depending  on  *.th„  the  of  Uf.  In  gr.s.rlou,  or  iuolutud. 

A  »or.b.r  of  »oth.  h.u  b«n  d.wtud  to  th.  biology  of  v.rlou.  group,  of 
meet.-,  the  Lpldopttru,  Chulcldldto  (Aobert)  tod  th.  fcl.optut.  (D.l.ut.nc) 


and  others^ 


addition  to  tlie  listed,  wfeicli  are  being  carried  out  in  the 


two  principal  directions  sssstionaa  above,  in  Graase’e  f.aborffltottes  aitOtber  ser 
of  inwstigattons  is  being  carried  out  on  vatioo.^  .oclogical  topics.  Several 
protistological  works  are  beidg  carried  out.  tt^odorldea  is  occupied  with  the 
.laBsification  and  morpbolog,^  of  gragarinae'  tab-en  from  beetles,  and  be  has  publtsbe 
a  n«*er  of  extensive  works  in  this  direction.  Hotrot«Ti.otb^.e  is  working  on  the 
fibrillar  apparatus  of  infusorians  of  tba  Opbiryoscolectdae  group,  utilising 
chiefly  silvering  n<et!iods.  She  hss  shown  structaies  which  she  Interpre 

neurctuotot  ^yst^.sn  of  tba  iii£yiSori4iiAS« 

Special  works  are  being  carried  out  on  .  the  ecoloK^  of  reptiles  and 

siK«ll  ffl^ansls  (chiefly  rodents)  of  the  Sshara.  These  works  arc  being  accotnplish. 
by  SainfcfGiron  by  a'leans  of  regular  trips  to  the  Sahara  for  field  investigations 
as  well  as  for  expertoental-ecological  work  which  is  being  carried  out  in  Paris. 

Ifl  the  laboratory^  there  Is  a  special  ylvariuK-nursety  ^are  a  largp.  mmher  of 
reptile  and  rodent  species  from  the  Shhara  live,  under  conditions  approximating  the 


natural  condltioniSe 


Cfc  ' 

Since  the  laboratory  of  evolution  of  organisnjs  is  ^  part  of  the  Sorfebnne 
teaching  i&  carried  out  there  also.  Professor  Grasse  gives  a  course  in 
and  Is  carrying  on  a  special  practicun:  for  this  course* 


Ac  the  chair  of  comparative  anatotny  and  histology  of  the  University  of 
Paris  (Sorbortne)  Professor  Prenant  and  his  co-wotkers  (Bobin  and  others)  are 

carrying  out  various  investigations  on  the  comparative  histologic  of  invertebrates 

special 

A/practlcum  on  cytology  which  is  giwn  by  the  chair  is  of  great  interest.  The 


program  of  this  practicimi  is  ver/  broad.  It  includes  all  the  principal  current 
methods  of  cytomorphological  and  cytocliemlcal  Investigation.  I  had  the  opportunity 
of  becoming  acquainted  with  the  cytological  preparations  made  during  the  course  of 
the  pt'acticum  on  the  chondtlosotoeSi^  Golgi  apparatus  >  nuclear  structure 

etc*  s,  and  I  becai^e  convinced  of  their  hi^  quality. 

Various  exparimental  works  being  carried  out  in  the  laboratoiiy  of 
animal  biology  of  the  Ecole  Kormale  Sup^rieur  In  Paris  are  of  great  interest.  Thir 
institution  is  a  well  known  “superstructure**  to  university  education;  its  students 
tak^^  training  here  for  the  “aggregation**  for  competitive  examinations,  which 
give-  them  the  rl^.t  to  take  positions  of  teachers  in  secondary  school  (bycee 
Frolefl^ors),  The  soology  laboratory  is  directed  by  Professor  Laniotte  --  a  recent 
colleague  of  Professor  Teissier  who  has  at  present  obtained  an  independent  positior- 

as  director  of  the  laboratory  of  the  ^cole  Normale  Superieur. 

Interesting  research  on  the  influence  of  very  low  temperatures  on  tissues 

this  ^  ^  4.U 

and  organs  is  being  carried  out  in  *  laboratory  by  Rey.  He  is  studying  the 

poseibillties  of  tissue  survival  (particularly,  cardiac  muscle)  at  the  temperature 
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.f  u<|«ld  nttroge.  (-196-).  It  has  baen  eataWishad  t1.at  under  certain  condttiona 
the  tissues  can  tolerate  freezing  and  then,  after  thawing  out.  maintain  their 
^lability.  According  to  Sey  the  mein  conditions  for  maintainins  their  viability 
consists  of  a  preliminary  impregnation  of  ths  tissues  with  30  percent  glycerin 
and  a  very  rapid  thawing.  These  works,  vSitch  are  of  great  thcorattcal  Interest, 
may  at  the  same  ba  of  definite  importance  for  madic®!'  practice.  The  author 

has  saecaedsd  in  preserving  viable  tissues  in  a  frozen  state  for  several  weeks. 

In  the  asK  lafcoratory  cytophysiologloal  investigations  of  chondriosomes  are  being 
carried  out  systems  of  (Mitochondria  and  lyeoeomes)  and  investigations  on 

the  adaptation  of  infusori«ic  to  with  different  concentrations  of  salt. 

The  works  of  f aurl-fremiet  »-  cna  of  the  oldest  cytologists  and 
protistoXoglnts  of  franca  are  of  undoubted  interest  for  cytoiog.-  and  protlstolog 
respite  his  advanced  age  (he  is  about  SO  years,  old)  f aurl-Fremlet  has  not  lost  hie 
sniontifie  activity  and  ccntlmm.8  bis  etieatific  work.  At  the  present  tisie. 

.  ■fanrl'''.Fr@®let  is  in  retlre^nt.  A  small  laboratory  has  been  crested  for  him  at 
Gif  as  well  as  at  fee  College  de  France,  where  he  Is  continuing  to  work  together 
with  a  «aall  number' of  his  sfadeass.  The  wofea  of  faurs-Fmniet,  'e.tilch  ^ 
c-fistitute  a  confcinuatioa  of  his  previous  research,  are  of  considerable  general 
cytologies)  and  protlstological  Interest.  Bis  works  on  the  study  of  the  nuclear 
app«.rs,ft«6  of  the  lowr  ciliated  infusorians  (in  collaboration  with 

.TaffMu),  which  make  it  possible  to  clarify  the  complex  problem  of  the  nature  and 
origin  of  nuclear  dualism.  Faur4"FremieS  has  succeeded  in  studying  the  structure 
of  the  nucleus  of  e  number  of  the  lower  infusorians  and  in  showing  that  they  have 
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a  special,  apparently  prlmitlva  type  of  nuclear  apparatus  with  macronuclei 
incapable  of  division.  These  investigations  are  particularly  interesting  for  us, 
because  in  the  laboretoi^  of  protistology  of  lustlfcutc  of  Cytology  of:  the 
Academy  of  Sciences  USSR  works  are  also  being  carried  out  on  the  problem  of  nuclear 
dualism.  Tliarefore,  the  talks  tthieh  S  I  had  with  Faur^-Fremiet  Were  very  interesting 

and  profitable  on  both  sides.  Ke  succeeded  in  coming  to  mutual  agreements  on  the 
number  of  theoretlcEl  problems  of  the  cytology  of  protozoans  and  in  defining 
sosaatAat  the  specific  thamatics  so  as  to  avoid  unnecessary  parallelism  in  the  work. 

Aside  from  the  investigation  of  the  nuclear  apparatus,  Faurfe-Frernkt 
aAS  been  occupied  In  elactron-inicroscopic  investigations  on  protozoans* 

Specifically,  he  has  obtained  interesting  data  on  the  structure  on  the  contractile 

;n'-’ 

vacuole  and  the  ciliary  apparatus. 

Worh  in  the  fiald  of  parasitology  in  various  institutions,  and  part  of 

of  a 

them  ^re/piitrely  veterinniy  or  rsedical  nature*  Individual  par.isisitological 

inwdti'f.'S’^ti.ohs  are  being  carrl^^^d  out  at  the  biological  stations.  We  should  like  to 

general 

on  Which  of  the  greatest/ interest, 

uhieh  m  to' lecOTC  acquainted  personally. 

The  oldes'jt  and  i?5o©t  outstanding  French  parasitologist,  Professor 

a  small  laboratory 

BollfuiS;,  ie  eemtinuing  to  work  very  vigorously.  He  has 

in  the  National  Musew  of  Natural  History.  He  is  working  chiefly  in  the  field  of 
helminthology  with  a  very  broad  coverage  of  biological  objects.  At  the  present  time 
he  has  completed  an  extensive  monographic  work  on  parasites  of  the  codfish. 

Professor  Hollfus  is  very  much  interested  f>oviet  parasitological  research,  and 
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the  Soviet  parasitological  literature  is/very  fully  reflected  in  his  own  works. 

He  owns  a  collection  of  separata  and  monographs  on  parasitology,  including  those  of 
Soviet  research  workers,  which  is  striking  in  its  contpletenass.  I  have  never  had 
the  opportunity  of  seeing  s\>ch  a  complete  collection  of  Russian  parasitological 
works  as  Dollfas  has.'  It  consists  of  his  personal  correspondence  with  many  Soviet 
parasitologists.  Unfortunately,  he  does  not  knovT  the  Russian  language  very  well 
(his  advanced  age  evidently  does  net  peraiit  him  to  occupy  himself  seriously  with  th- 
study  of  the  Russiaai  language)',  nevertheless,  he  fes  appraises  the  content  of  the 
Russleh  articles.  At  Dollfur/a  request  t  spent  several  days  with  him  and  helped  hi 
in  translating  many  Russian  works  into  Freisch  in  t-^hich  be  was  particularly  interest 
Unfortunately,  Dollfus*  working  conditions  are  far  from  being  favorable 
He  has  a  total  o£  one  scientific  co-vorker  and  &  aecretarf.  Tha  laboratory  Is  ve/^ 
small  end  dark  (In  &  semi-basement  floor).  Hone  of  this  perndts  Dollfus  to  develop 
his  scientific  work  completely  or  to  have  a  sufficient  number  of  students. 

Parasitological  work  la  being  carried  cut  seriously  at  the  chair  of 
parasitelogy  of  the  medical  faculty  of  University. 

.Tliis  Is  at  the  farssier  laboratory  of  the  international ly  known  parasitologist, 
Brumpt,  who  recently  died,  rhe  laboratory  is  located  In  the  old  faculty  room,  and 

fro®  are  outside  it  looks  quite  modest;  still, its  equipment  is  good,  there  is  an 

adequatife  nus^ber  of  experlffi^J^ntaX  animals,  etc« 

In  the  laboratory  there  Is  an  excellent  collection  of  microscopic 

preparations  on  parasitology.  These  arc  chiefly  preparations  made  by  Brumpt  hims- 

&  S 

which  have  been  kept  '  specimens  and  are  available  as  compai-ative  material  to  b 


those  working  in  the  laboratory*  Kot  only  the  microscopic  preparations  have  been 
kept  but  also  sections  embedded  in  paraffin »  which  makes  it  possible  to  obtain 
sections  of  those  objects  which  were  studied  in  the  laboratoio^.  The  investigative 
work  is  being  carx^led  out  chiefly  in  the  field  of  helminthology,  and  in  this 
direction  the  co-^workers  of  the  laboratory  are  closely  associated  with  l^rofessor 
Dollfus.  Professor  Chabaud  is  in  charge  of  the  laboratory-*  He  is  working  on  the 
avian  helminthic  infestations*  His  Itcmdiate  assistant  is  Mme*  Campana-Rouget , 


the  author  of  many  works  on  the  nematodes.  In  the  laboratory  there  are  quite  a  few 
outside  specialists  woriclng  on  the  helM-ath®,  Including  foreigners 


Italians,  etc.). 

Parasitological  investigations  are  being  carried  out  also  in  the 
parasitological  laboratory  of  the  Pasteur  Institute  (•*Groupc  des  Services  d(c 
i^arasitologie*’) •  Here,  works  are  being  carried  out  on  the  dysentery  aineba 


(H.nta?^oeba  histolytica) ,  on  balantidiasis  {Lamy  Roux),  on  the  experimental  study  of 


the  life  cycle  of  Schistosoma  haeasotoblum. 

An  acquaintance  with  the  organiscation  and  the  work  of  the  French 
•oa. 

*  f'  biological  stations  was  very  interesting.  There  are  17  of  them  in  France, 

which  constitutes  a  very  hi^  figure  for  a  country  with  a  relatively  small 
000,  were 

terrltorj-.  Many  '  /  biological  stations  .  /  organised  in  the  1870*8,  so  that 

they  have  accumulated  considerable  experience  in  their  work,  the  rlcheat  collections 

ooo 

of  books,  etc.  Among  the  French  /  biological  stations  the  largest  and  those  of 
greatest  Importance  are  the  stations  at  Roscoff  (coast  of  the  English  Channel)  and 
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at  Banuyls  (Mediterranean  Sea  French  Pyrenees).  i 

Speaking  about  the  French  biological  stations,  we  must,  unfortunately, 
ersphasise  the  fact  that  in  this  respect  there  is  an  indisputable  and  considerabJ 

lag  in  the  Soviet  Union,  ■Khlch  is  reflected  unfavorably  on  the  development  of 
Jovlet  biology.  T!ie  developtnent  of  a  number  of  very  important  theoretical  and 
practical  biological  problems,  including  those  of  cytology j  is  impossible  without 
using  sea  material.  _ KevertheXess ,  the  two  academrc  biological  stations  which  exist 
in  the  USSR  (at  Murmansk  and  at  Sevastopol')  absolutely  cannot  satisfy  either  of 
the  requirements  of  Soviet  biological  science  or  tlic  requirements  ,  for  the  traintn; 
of  personnel.  Undoubtedly,  in  the  next  few  year®  the  network  of  Soviet  biological 
stations  should  be  expanded  and,  particularly,  the  organisation  of  stations  on  the 
seas  of  the  Soviet  Far  East  is  particularly  essential.  The  existence  of  a  large 
number  of  biological  stations  in  France  ssakes  it  possible  for  every  biologist 
to  make  extensive  vise  of  the  opportunity  of  working  at  stations,  utilizing  sea 
material,  etc.  The  biological  stations  are  utilisied  very  extensively  also  for 
student  practice. 

The  biological  station  at  Roscoff  is  the  largest  in  Europe.  Its  founder 
and  first  director  was  the  well  known  French  zoologist  of  the  second  half  of  the 
i9th  century,  H,  Lacaae-buthiers.  The  official  opening  date  of  the  institution  was 
1872.  Following  Lacaze-Duthiers  the  directors  of  the  station  were  the  very  great 
French  zoologists,  Ives  Delage,  Ch.  PeVez,  and  at  the  present  time  Teissier. 
Beginning  with  1672  the  station  has  been  continuously  expanded:  each  of  the  director 
of  the  station  constructed  a  new  building,  and  the  last  of  the  buildings  (the  larges 
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which  was  constructed  during  Teissier's  time,  began  operating  only  three 

years  ago.  The  biological  station  at  Roscoff  is  particularly  closely  connected  with 
Paris  University  and  is  one  of  the  principal  bases  not  only  for  scientific  work 
but  also  for  student  practice. 

At  the  present  time,  the  station  has  at  its  disposal  four  stone  buildings, 
of  which  the  largest  three-story  building  is  the  newest  (Fig. 2).  Ttie  station  has 
a  large  number  of  individual  laboratories  ("stalles")  for  visiting  specialists. 
Approximately  80  specialists  and  100  students  can  work  at  the  station  simultaneously. 
Each  individual  laboratory  is  a  large  brigjit  room  (aboijt  20  square  meters),  has 

running  sea  water,  running  fresh  water,  compressed  air  for  blowing  into  the 

arid  4 

aquaria,  an  incubator, /an  exhaust  hood.  Every  worker,  in  addition,  is  provided  with 

utensils,  optical  equipment,  reagents,  etc.  Aside  from  the  individual  laboratories, 

there  are  a  number  of  general  station  laboratories  and  buildings  at  the  station 

Which  can  be  used  by  every  specialist  work-lng  at  the  station.  Among  them 

are,  first  of  all,  three  large  aquarium  rooms  approximately  100-150  square  meters 

each,  with  a  large  nitmber  of  running-water  aquaria  of  different  sizes.  Each  worker 

an  obtain  the  number  of  aquaria  which  he  needs  to  use.  There  is  a 

multiple-compartment  Incubator  and  two  special  ■  isothermic  refrigerator  rooms 

-  one  with  a  temperature  of  -5®;  the  other. -20°.  The  temperature  in  these 

rooms  is  regulated  with  rigid  accuracy.  There  is  a  well  outfitted  chemical 

laboratory,  a  special  laboratory  for  cjhromatography ,  a  laboratoarj'  for 

electrophysiological  research.  The  station  library  is  very  extensive  and  well 

selected* 
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The  station  has  a  'research  **?luteus*'  (13o5  meters  in  length), 

eqtdpped  for  hydroblological  work  ( trawl  j,  irindlasses  for  plankton  and  bathometers, 

■etc.)  and  a  smaller  motor  boat^  *'Saa  Beep***  These,  boats,  which  are  serviced  by  a 

small  staff  of  fiskemen-sailors  j  obtain  the  necessary  live  material  for  the  worker 

This  aspect 'of  the  work  is  carried  out  vaty  w^ll.  The  order  Is  given  the  ni^t 

before  (It  is  written  with  chalk  on  a  special  blackboard  hanging  in.  the  vestibule)*, 

the  noK-t  day  the  materi-^1  is  collected* 

&e  very  eKtensive  low  tides  ^  chariacterlstlt*:  cf  this  area  of  the 

English  Channel,  very  much  favor  the  work  at  the  Roseoff  station.  In  the  vertical 

variations 

plane  the  ebb'  and  flow,  ■•  reach  10  During  the  low  tide  an  extensive 

littoral  is  exposed  (in  the  region  of  the  station  Itaelf  it  is  chiefly  sandy), 

producing  a  very  rich  material  for  work. 

The  organisation  of 

/  ,  the.  quite  contplex  scientific  iKa.nagexrient  of  the  station. the  water 
supply  with  the  sea  water  avid  fresh  water,  the  pp.eutBatic  apparatuses,  Isothetroic 
ypsTstiwBS  .  g  very  successful  one  and -one  t^vich  deserves  to  serve 

as  an  exatsplc.  All  of  tJiis  operates  aotoaiatlcally.  A  large  sea»water  reservoir 
is  on  the  first  floor  of  the  old  building.  When  the  water  level  In  the  vat  drops, 
puffips  are  autosiSitical ly  turned  on  which  raise  the  water  level.  The  transfer  of 
water  from  one  building  to  another  operates  according  to  the  same  principle.  All 
the  pneumatic  and  Isothermic  apparatuses  also  operate' automatically.  Systems 
which  regulate  all  these  apparatuses  are  very  reliable  and,  at  the  same  time, 
simple.  Boring  the  month  of  my  work  at  the  station  there  was  not  the  sll^test 
hitch  In  the  operation  of  the  water  supply,  air  supply,  etc.  All  the  tubes  are 


made  of  plastic  —  a  very  strong  and  readily  repaired  material. 

The  extensive  incorporation  of  automatic  equipment  makes  it  possible 
not  only  to  provide  for  a  continaoas  operation  cf  all  the  systems  but  also  to 
reduce  to  a  minimum  the  service  personnel.  The  entire  complex  technical  management 
of  the  station  (including  also  the  electrical  equipment)  ia  eetviced  by  a  single 


techriiclana 


containers 

Ihe  -aquarium  '  usteiJ  at  the  ist^tlon 


are 

very  useful  and  comvenlen 


It  consists  of  prismatic  containers  with  a  volume  of  0.25-0.5  cubic  meters. 

Such  containers  are  lij^it,  strong,  and  they  can  be  t^,en  on  any  ships  looking  for 
material.  It  would  be  very  desirable  to  put  into  smooth  running  operation  the 
production  of  this  kind  of  container  in  the  USSR., 

In  the  spring,  siHOTar  and  autumn  a  very  large  ntanber  of  scientific 
workers  works  &t  the  station  —  biologists »  Frenchmen  end  foreigners.  A  special 
student  praetlcum  is  also  held.  The  station  published  its  own  organ  (^^ravaux 
de  la  Station  Biologique  de  Rcscoff”).  In  the  very  near  future  the  publication  of 
ihe  journal,  Cahters  de  Biologle  Marine ^  will  begin^ 

In  the  svtmmer,  scientific  seminars  are  held.  For  this  purpose,  there 

is  a  specially  outfitted  auditorium  provided  with  a  moving-picture  set^p  with 
approximately  100  seats.  The  station  also  serves  as  a  place  for  holding  certain 

scientific  conferences  and  congresses.  Thus,  for  example,  tihe 

International  Colloquluja  (symposium)  on  the  comparative  ecology  of  sea  animals 
was  held  at  Roscoff  in  1956,  in  which  sea  hydrobiologists  of  various  countries  of 
Europe  and  America  participated.  The  colloqium  was  devoted  to  a  very  interesting 
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subject  —  the  ccinparatlve  analysis  of  the  ecology  and  physiology  of  various 
members  of  the  most  common  species  of  sea  animals  from  various  habitats  *  .Hot 
only  the  geographic  variation  of  the  morphological  characteristics  but  also  a 
number  of  physiological  characteristics  of  the  same  species  from  different  geographi 
areas  and  habitats  were  pressure  regulatlouj^  temperature  optimums » 

multiplication  cycles,  etc.  The  results?  of  the  colloqi'om  were  published  in  1958 
in  a  special  volume  cn  the  works  of  the  edloqlwn,  put  out  by  the  International 
Society  of  Biologists  at  the  UHESCO,  (*^Mologie  compar4des  esp^ces  marines 
dans  les  difl:ei*ent£  districts  de  leur  alre  de  'ftp  ar  tit  ion’*.  Secretariat  of  the 
UJSB,  series  B,  Ho,  24,  19 5S,  327  pages). 

In  the  wintertime  die  station  is  almost  The  scientific 

personnel  proper  in  It  is  very  small,  and,  strictly  spea!<lng,  the  station  has  no 
plan,  of  sclerittfle  work  proper,  _Th©  substitute  director  is  the  well  known 
hydrobiologist  oceanologist.  Professor  Draeh,  In  addition,  there  are.  also 
several  co-workers  (partly  from  the  Sorbonne;  partly,  from  the  CKRS),  Among  them, 

■  Deroujc  is'  in  charge  of  interesting  research  or*  matters  of  experimental  embryology 
of  fish  (the  interaction  of  the  central  portions  of  the  nervous  system  with  the 
mnse  organs  during  the  course  of  ontogeny),  Eostik  is  investigating  the  i 
classification  and  ecology  of  the  HErpactlcldee  (crustacea  copepoda) ,  and  in 
particular,  the  problem  of  the  tetraspeclss  local  groups*  Vasserot  is  occupied 
with  the  biology  of  crustaceans*  Zuckerkandl  Is  investigating  the  physiology 
of  metabolism  of  the  decapod  crabs;  he  has  completed  an  extensive  work  on  the 
biochemistry  of  crab  blood*  Hegne  is  studying  the  ecology  of  macrophytes  (chiefly 
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the  red  algae).  All  these  works  are  of  indubitable  scientific  Interest  and  in 
the  majority  of  cases  arc  being  carried  out  on  a  higji  scientific  level j  however, 
they  are  in  no  vjay  connected  with  one  another,  so  that  there  is  no  way  of  speaking 
of  any  scientific  trend  in  the  works  of  the  station  as  a  whole. 

At  the  biological  station  at  Roscoff  there  is  also  a  public  aquarium 
for  visitors.  Its  premises  are  quite  large,  well  equipped,  and  the  principal 
species  of  animals  of  the  Atlantic  Ocean  fauna,  including  also  the  Ichthyofauna 
are  represented  in  it* 

Everything  wlrlch  has  been  stated  above  with  respect  to  the  organization 
ind  equipping  of  the  Eoscoff  station  basically  pertains  also  to  the  biological 
station  at  Banuyls  (habaratoire  Arago)  (Figs.  4,  5).  It  is  located  on  the 
Mediterranean  Sea  in  the  area  of  the  French  Pyrenees  12  kilometers  from  the 
Spanish  border.  In  the  administrative  respect  the  station  at  Banuyls  Is  included 
in  Peris  University.  Its  director  is  a  aoologist.  Petit,  Professor  at  the 
Sorbovine;  his  substitute  is  Dslamare-Deboutovllle.  The  Banuyls  Station,  like 
that  at  Roscoff,  was  organized  in  the  18?0*e  by  Lacaze-Duthlers.  At  Banuyls 
the  number  of  individual  laboratories  ("stallcs")  is  somewhat  fewer  than  at 
Roscoff  (about  30),  but  with  respect  to  working  conditions  they  are, 

nevertheless,  the  same  as  those  at  Roscoff.  Among  the  general  laboratories  at  the 
station  the  isothermic  aquarium  laboratory  is  of  interest.  Because  of  its 
Southern  location  the  station  is  very  hot  in  the  summer  (up  to  29-300).  This  has 
an  unfavorable  influence  on  the  preservation  of  living  material  cau^t  from  the 
depths  of  the  Mediterranean  Sea,  where  at  this  time  the  temperature  is  about 

I 

iw...  •..,4 


282 


13-14®,  An  isothermic  aquarium  has  been  crested  for  the  prolonged  presenration 
of  deep-sea  animals  in  a  living  form.  It  consists  of  quite  a  large  rocfn  (about 

3(110 r  S 

40  square  '  '  .)  with  a  large  number  of  aquaria  the  temperature  of  wliich, 

just  *»  like  that  of  tine  water  circulating  in  the  aquaria*  is  kept  constantly  at 
the  level  of  13®.  The  isothermic  aquarium  room  makas  it  possible  to  preserve  the 
deep-sea  animals  in  a  nomml  physiological  state  in  the  summertime  and  to  use  the® 

ir.  O,..  „ 

koscoff,  from  idilch,  unfortunately*  Russian  and  Soviet  literature  is  practically 

absent.  It  has  a  resssreh  ship  (the  "Lacas,a-Duthiers">  and  a  motor  boat  which 
can  sail  the  entire  Mediterranean  Sea,  up  to  the  shores  of  Africa. 

The  public  aqusrU®  of  the  station  is  very  good,  and  a  very  rich 
Mediterranean-Sea  fauna  is  represented  in  it.  Fish,  actinia,  and  gorgonle  are 


partid-ularly  good  nOTsrous  .  in  it*  • 

•  The  station  h^s  its  own  publlca.tlo‘o,  nmed  which  is 

pi;.blisb.ed  four  tisnes  j&yeBT,  with  e^ch  i«sue  containing  10“12  printed  sheets-.  In 
additions,  varion^i  extensive  works  of  monographic  nature  are  published  in  a 


fom  of  appendices  to 

The-  trend  of  sciantlfic  work  at  the  biological  station  at  Banuyls  is 
different  from  that  at  Eoscoff  in  the  fact  that,  at  Bsnuyls  a  study  is  being  made 
not  only  of  the  sea  £ai?.na  and  flora  but  also  of  the  terrestrial  and  fresh-water 
fauna  and  flora.  Toe  variety  of  thematlcs  is  very  great.  The  following  princlpa 
topics  are  being  pursued  at  the  pressent  time  with  respect  to  sea  fauna:  the 
benthos  of  the  area  of  the  station  (haubier) »  the  fauna  and  biology  of  the 
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limestone  sponges  (Paris) ,  ttie  blologjf  of  octocorallla  (U^odor) ,  the  biology  of 
hermit  crabs  (Bechance),  the  fauna  and  biology  of  the  cephalopod  molluscs 
(Kangold-Wlrx),  the  ichthyofauna  of  the  Mediterranean  Sea  area  of  the  station 
(Boutiire),  the  fauna  of  the  parasitic  Copepoda  of  the  Mediterranean  Sea 
(I)elamare><  Along  with  these  "sea"  topics  a  number  of  trorics  Is  being  carried  out 
at  the  station  on  terrestrial  and  fresh^water  fauna.  DelCTare  Is  Investigating 
these  soil  fauna  in  a  comparative  ecological  and  a  comparative  geographic  section, 
ie  is  studying  the  fauna  of  the  water.  Special  investigations  are  being 

carried  out  on  the  fauna  avid  ecology  of  the  terrestrial  ticks  of  the.  family 
Oribatidae  (Trave).  Considerable  experimantsl  ecological  investigations  are  being 
carried  out  on  biology  of  termites,  directed  chiefly  at  the  demonstration  of  the 
origin  of  polymorphism  in  them  (Buchli).  Also  works  are  being  carried  out,  chiefly 
ecologlcal-faunlstlc,  In  the  area  of  ornithology  (Lomont). 

Therefore,  very  heterogeneous  Investigations  are  being  carried  out 
at  the  station  on  the  most  varied  fields  of  zoology.  Tlie  majority  of  these 
investigations  Is  being  carried  out  at  a  hl^  level,  with  the  application  of 
experimental  metlvods.  However,  just  as  at  Roscoff,  they  are  not  very  well 
connected  with  one  another.  There  Is  no  connection  either  between  the  works  of 
the  station  and  practical  problems. 

While  1  was  at  the  biological  stations  at  Roscoff  and  Banuyls  I  was 
able  to  become  acquainted  with  the  archives,  throu^  the  kindness  of  the  directors. 

mattei’  interested  me,  because  in  the  pre-Revolutlonary  years  many 
outstanding  Russian  zoologists  frequently  worked  at  the  French  biological  station. 

1-  -J 
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This  research  crowned  with  success  --  I  succeeded  ia  finding  interesting  and 
hitherto  tinknawn  letters,  notes,  etc*  of  tWT.y  Russia?!  scientists,  including  those 
ot  k.  Kcnmlevskiy,  V.  Iteilsvskly ,  A.  Bogdanova  and  v\mr/  others*  the  mast 
interesting  of  ’  '  this  mterial  was  given  to  me  in  the  fora  of  photocopies, 

and  I  will  use  It  for  a  special  publication. 

The  material  which  has  been  presented  iSkbove  caanot.ln  any  way  give 
a  cc^.r.plete  idea  of  the  condition  and  development  of  biological  science  in  France, 
but,  nevertheless,  It  Mkes  It  po^j)lbli&  to  e'sqsreiss  certain  genarsl  considerations 
and  COTraents.  ■  fed€>ubtedly,  in  a  iu®ber  of  fields  of  biology  scientific  . 

work  ifs  France  Is  proceiiding  actively  v^ery  successfully*  Above,  a  number  of 
such  has  been  praseatad.  Ma  should  like  to  mention  or&ce  again  that  in 

the  field  of  cytology  electron  mlcroecopy  and  cytochemistry  are  being  developed 
successfully.  Genetic  inveg^tigatlonfs  are  interesting  and  praising  (Teissier, 
EphTOg!ial»  »  works  in  the  field  of  developmental  physiology,  etc* 

However,  oit  becoming  acc^ualnted  with  the  French  biological  ins ti tut. Ions  the 
lack  of  uniformity  In  the  dej'elopirtent  of  various  sections  of  biology  is  striking* 
For  there  are  very  few  investigations  In  the  field  of  comparative 

Invertebmte  anato-tsy\  To  a  considerable  degree,  France  was  the  birth  place  of  • 
ccMsparative  anatoi^sy  (Cuvier,  St^  Hilaire)  ,  but  at  the  present  time  this  m^ortant 
tread  In  stoology  Is  not  being  developed  here  very  well*  In  connection  with  this 
there  is  an  absence  of  serious  work/ and  the  genera lissat ion  of  the  problems  of 
aniM.1  phylogeny.  has  been  stated  with  respect  to  comparative  anatomy  is 

also  justifiable  for  coEiiparative  embryology*  These  **ald^'  trends  in  zoological 
science  are  being  replaced  by  ’'‘stylish*^  eKperimental  trends*  Faunistic  research, 
which  is  n®ceag>ary,  particularly  for  teriritcrles  in  contact  with  the  sea 
(Africa,  Madagascar);,  are  also  poorly  developed  in  France*  Such  a  lack  of 


uttlformity  in  the  development  of  biology  is  surely  m  expression  of  an  absence  of 
planning  in  science.  Althoiagh*  plans  are  officially  made  in  the  Cmn  system, 

they  essentially  represent  a  mere  or  less  mechanical  combination  of  the  works  of 

various  laboratories.  In  French  biology  collectivism  in  the  development  of 

various  problem  is  poorly  developed.  In  various  cases  in  France  a  certain  trend 

may  be  seen  In  laboratory  research  and  the  existence  of  scientific  schools. 

However,  this  depends,  In  each  individual  case,  on  the  personality  of  the  directors. 

For  example,  in  the  laboratories  of  Grasse  there  Is  a  definite  investigational 

trend,  and  the  same  thing  applies  to  the  laboratories  of  Ephrussi. 

When  the  scientific  associations  betvi'een  France  and  the  Soviet 

Union  are  put  into  smooth  running  order  and  further  developed  it  wuld  be  very 

desirable  to  continue  the  mutual  exchange  of  scientific  biology  workers.  In 

that 

particular,  we  consldcr/thc  work  of  Soviet  biologists 

(  including  the 

■V 

youth)  in  the  following  institutions  %rouXd  be  particularly  beneficial  and 
promising. 

At  the  Biological  Stations  at  Roscoff  and  Banuyls.  Here,  very 

successful  work  t&ay  be  carried  out  in  the  field  of  experimental  ecology, 

embryology,  cytology,  and  protistology.  Probably,  these  stations  (particularly 

that  at  Eoscoff)  are  of  considerable  interest  for  physiologists  (problems  of 

evolutionary  physiology,  coc^arative  study  of  metabolism,  behavior  reactions, 

etc.).  At  these  stations  material  may  be  readily  obtained  on  species  of  animals 
practically 

which  are/not  found  in  Soviet  seas. 

In  the  laboratory  of  Physiological  Genetics  of  Professor  Ephrus si . 

In  this  laboratory  methods  of  the  genetics  of  lower  organisms  (very  complex  and 
exact)  may  be  tnastered;  these,  at  the  present  time,  are  of  very  great  importance. 
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The  possibility  of:  sending  Soviet  scientists  to  Professor  Ephrussi  would  be 
considerably  facilitated  by  the  fact  that  the  latter  has  mstered  the  Russian 
language  well* 

.1^.. of  .  P, r p f e a s o t  G r j «  The  developiTient-  of 
electron  microscopy  as  a  method  of  cytological  investigation  in  the  Soviet  Union 
indisputably  lags  somewhat  behind  the  le'^el  of  corresponding  research  in  Western 
Europe  and  in  the  United  States  of  toerica*  This  lag  mur^t  be  overcome  in  the 
shortest  possible  tlmej,  becevise  microscopy  opens  up  the  broadest 

perspectives  fer  traders t and the  cell  structure  at  the  macromolecular  level. 

Work  in  Professor  Laboratory  will  make  it  possible  to 

master  methods  of  electron,  microscopy  and  to  study  a  nursber  of  technical  methods 
(for  examp the  preparation  of  ultr^thin  sections)  without  which  electron 
microscopy  would  not  give  any  results. 

In  conclusion,  I  should  like  to  emphasiaie  once  again  that  the 
friendly  attitude  encountered  by  Soviet  biologists  in  France  is  one  of  the 
important  elMents  in  Franco-Sovlet  collaboration  in  the  field  of  science. 
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^  photographs  rgfere«i  U  in  this  article  is  act 
siuxieieatly  clear  for  eatlefactarj  reproduetiouis  hosr®¥sr«  tlx® 
caption©  read  M  follows s  v  .  » 

Iff*  Jew  b'iildlng  for  laboratory  of  physiological  genetics  at 

f'^§l  ‘^li,  Seaersl  vim?  cf  the  biological  station  at  Soscoff ,  On  the 
lext,  the  eld  buildinge  and  a^yariumi  on  the  rights  the  reosntly 
ccastTOoted  new  building,  ^ 

Fi.g»  3»  Sandy  littoral  near  tEa  biological  station  st  Hoscoff 
during  low  tid®B  ■  In  the  distance,  the  buildings  of  th®  biologi- 
eal  station. 

fig.  4.  ■  Bsalldlng  of  biological  station  at  Baauyls->sur~M®r. 
fig®  5.  Beach  naar  biological  station  at  Banyuls.  In  the  distan¬ 
ce,  th©  atatlon  building. 


(0:a  th^  Hi  0 tor.?  of  Ojtolo,(^?) 

A  cbjameterlatie  fftature  of  modem  cytology  ia  Its  trans¬ 
formation  into  an  experimental  sciences, 

rfo^’cvarj  considerable  difficulties  lie  along  this  route. 

the 

Ttiese  difficulties  to  a  considerable  degree  are  brought  about  by/wlcroscoplc 

dimensions  of  the  object  of  Investigation  —  the  cell.  Attempts  at 

circumventing  these  difficulties  by  means  of  the  utillgation  of  large  homogeneous 

masses  of  cells  as  objects  cannot  be  considered  theoretically  correct*  Cytologies? 

eKperiments  should  be  carried  out  on  various  cells  no  matter  how  small  they  are. 

I  have  devoted  many  years  to  working  out  methods  of  eKperimentation 

on  various  isolated  cells*  In  1911,  I  worked  out  and  constructed  the  first 

and  devices 

mechanical  micrcmianipulator,  and  soon  after  that  a  method/  were 

created  for  carrying  out  operations  on  various  cells,  which  was  accomplished  by 
means  of  a  very  thin  ultra-violet  ray  (1912).  I  called  this  method 

**ray  micropuncture*’.  In  this  way,  the  problem  of  operative  e?qperimentation  on 
cells  and  their  individual  parts  was  solved.  Recently,  it  has  been  possible  to 
reduce  the  thickness  of  the**ray  scalpel”  to  one  square  micron,  that  is,  to  the 
size  of  parts  of  tho  chromosome*  It  has  proved  to  be  possible  to  irradiate 
parts  of  the  cell  not  only  with  ultra-violet  rays  but  also  with  rays  of  other 
wave  lengths. 

For  the  purpose  of  carrying  out  prolonged  observations  on  cells 
exposed  to  the  ray  puncture  considerable  efforts  and  considerable  experience  were 
required.  Prolonged  observation  was  by  far  not 
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sdLwaya 

/successfully  accomplished  in 


-View  of  the  faot  that  during  the  necsssar?'  transfers  of  the 
operated  cells  to  micrasoopic  oantainers  the  cells  were  in- 
lursd  or  slxaply  lost,  Ih  the  1920* s,  I  succeeded  in  deve¬ 
loping  a  spcoial  simple  method  ^-jhleh  I  called  ”a  ffilcrowedge? 
’Bhlch  siAccessf-ally  salved  this  prohlesa. 

I  and  a  number  of'  other  research  workers,  using  the 
Esthode  vrhieh  1  had  developed,  carried  out  a  considerable 
B.xsB.ber  of  warkB  which  were  published  In  the  foreign  journals. 

After  51J'  return  to  th©  Soviet  pinion  in  1958,  I  found 
that  many  of  my  im'eetigatlons  as  well  as  those  methods 
Tihieh  I  had  develeped  were  iintaom  to  esm©  Soviet  specialists 
firas,  on  becoming  acquainted  with  Professor  ft,  I*  Rsskin'g 
very  good  tertboclc  on  Kierofscepi©  technique,  I  learned  with 
gr^at  surprise  that  no  ffisntlea  was  mads  of  my  wci’k,  which 
was  CBScntially  the  first  la  the  field  of  espsrlmeatal  cyto¬ 
logy,  in  this  teztbool'”.,  and  the  acthods  which  I-  had  propo¬ 
sed  were- ascribed  to  other  authors,  fhus,  for  example,  the 
Invention  of  aieromanipulatioa,  whleh  I  hsit  accompli shed  in 
1911  and  desorJ.bed  in  k  work  in  191S,  wai?  ascribed  to  Cham¬ 
bers  and  Petertlj  the  foraer  constructed  hts  mi eroimai pula- 
tor  in  1918,  the  latter  la  1924,  Is  describing  ths 
drop**  method  which  m.e  proposed  bj  Oomaadon  and  foabruae 
(1932),  ft.  I,  Eoskla  says  nothing  of  my  slcrowedgs  method 
(1927)*  »or  does  he  ssj  g,aytMng  about  the  method  of  the  ray 
Eloropunctura  t^feich  I  had  proposed,  which  made  it  possible 
to  carry  out  a  whole  serieg  ©f  works  which  &tq  iisually  quo-  . 
ted  la  the  literature  (glrkl®,  1957). 

Such  a  lack  of  information,  on  th©  part  of  6,  I,  Ros- 
kin  sesffis  unfortunate  to  me,  and  therefore  I  consider  it 
necessary  and  justified  to  throw  light  .on  th®  true  state  of 
affairs  in  this  letter. 


1.  Oomanden,  J*  a,nd  fonbrun®,  ?.  1932,  Sortie  d*une  he- 

mogrcgarlne  de  son  kyste  endoglobulalre,  obtenue  par 
une  noAivelle  teehniou®  d«  mloro-dls section,  0.  R.  Soc. 
biol,,  111  j  999. 

2.  Peterfl,  1932.  Methodlk  der  wissenschaftllohcn  bio- 

logle, 

3.  fechachotlM,  S.  191ga» .  Bine  Mrlkroopor&ticnavorriohtung. 

2s,  wigsen.sch«  Klkroskop.,  29  s  188, 

4.  fehakhotine,  S,  .  1928,  Klcrooperajiloni  oellularl  col 

metodo  dl  raggiopuatura  mlorosooplea  ed  altri  aetodi 
microseepiei.  Boll,  Soc.  Ital,  biol.  sperim, ,  iilsl82 


iBchachotln,  S.  1935.  M©  MilcroetreM.etlciimsthode  und¬ 
ander©  Methoden  des  zytologlachea  Mlkroexperissientes. 
Handbuch  der  blologischen  ij:'bsi.tsa3t)ioden  von  Prof. 
Abderbalden,  Abt.  Vo  Tell  10  :  8??. 

Tschaclio'tinf  S»  1937»  Sur  un  dispoaiblf  (gouttes  d*esu 
dang  un  liquid®  xm  xslscible)  poiir  dos  reoberches 
d'e?abrjol®gl@  et  d®  cytologl®  exp®riffi®ntales.  0.  S.  . 
geances  l‘Aoad.  scl,,  g0&  sll32,  Paris. 

Tsohachotln,  S.  1938.  Itudes  pbyglologiques  at  e®bry- 
ologlaues  au  moyea  de  la  msthods  Kicrogouttes  (wolu® 
iQ@  3bbllair®  pour  Ifeurio©  OaulXsry ) »  Travaux  Sta¬ 
tion  zool.  Is^lMreuXs  13  s  64?. 

Zirklef  1.  195T.  Partial-Cell  Irradiation  Adv,  biol. 

and  aed.  phys.,  5  t  103 « 


S.  S,  Ohakhotitt. 
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The  editorial  staff  of  the  Joura?^!  Tfiitologya  asks  authors  to  be  guides 
by  the  rules  ptesentad  beloy  in  sending  in  articles  to  the  journal*  A^icl^ 

^iich.  are  sent  in  without  observance  of  the  rule^,llsted_ 
accentejU 

1*  Articles  on  the  cytology  of  ariimisls  and  plants  ^  both  multicellular  and 
unicellular,  are  published  in  the  journiil  Tsitolo.^ya.  The  journal  throws  light  o^ 
all  the  principal  divisions  of  the  iicience  of  the  cells  problems  of  the_  tnotpholoj^- 
physiology?'  and  biochamistry  of  the  cell;  eytoganetlcs ,  radiation  cytology, 
cytology  of  unicellular  or’ganisms,  cytoecoiogy,  as  well  as  the  application  of 
cytologieal  research  to  the  field  of  medicine  and  agriculture.  The  journal 
publishes  original  works,  review  articles,  articles  of  discusslonal  nature, 
criticism,  bibliography,  mnaU ,  articles  on  tlie  history  of  cytology  and  reports 
new  methods  •  of  cytologic^.!  research  which  have  not  been  published  previously. 
Preliminary  coinmunicatlons  are  not  accepted. 

2«  Tbe  articles  should  he  t^rltten  briefly,  clearly  and  carefully 
proof  read*.  Eepotltions  of  the  sajne  data  in  the  text,  tables  and  figures  are  not 
permitted-  The  sliae  of  the  manuscript,  as  a  rule,  should  not  exceed  16  typed  pag 
with  a  minimimi!  mjmbor  of  illustrations, 

3.  Articles  printed  on  a  typewriter,  double  spaced,  on  white  writin. 
paper,  on  one  side  of  the  sheet,  with  ^nargins  at  the  left  side  of  the  sheet  of 
no  less  than  four  centimeters,  are  sent  to  the,  editorial  staff  in  two  copies 
(one  of  which  must  be  the  original).  At  the  margins  the  places  are  noted  where 

I 


Z'Sl 


figures  and  tables  are  to  be  inserted.  All  tlia  pages  of  cbe  manuscript  should  be 
numbered,.  The  tables,  bibliography  and  subscripts  to  the  figures  should  be  printed 


on  separate  sheets. 

4.  Foraiulfis  should  be  written  in  ink  or  in  India  ink,  clearly, 


without  any  admixture  of  letters  printed  partly  on  a  typewriter,  and  in  a  good 
handwriting.  Indices  and  exponents  should  be  in-itten  with  particular 

accuracy:  lines,  cotmnaa  and  the  nun-.bar  1  should  be  clearly  distinguished  from 

one  another.  A  clear-cut  difference  should  be  sho'.m  between  capital  letters  and 
small  letters;  in  cases  Where  they  hwe  the  same  outlines,  the  capital  letters 
should  be  underlined  with  tvro  strokes  (for  example,^),  and  small 


letters  should  be  noted  with  two  strokes  above  (c  ).  It  is  essential  to 

item 

distinguish  e  and  1,  0,  <r  and  0  (scero);  I  and  J,  etc. 


or 

5s  The  tcanuscrlpt  should  he  signed  by  the  author  (by  all  the  authors) 
and  should  be  accompanied  by  a  statement  from  the  institution  Vihere  the  work  was 
accomplished.  A.fter  the  title  of  the  article,  k  the  initials  and  last  names  of 
the  authors  the  name  of  the  laboratory^  institution  and  city  where  the  work  v;ar, 
performed  are  given.  At  the  end  of  the  article  the  exact  address,  position, 
last  name,  full  first  name  and  patronymic,  as  well  as  the  telephone  number  of  the 
author,  should  be  mentioned. 

6.  Original  articles  should  be  completed  with  brief  conclusions 


or  a  reaunfl. 

7*  The  last  narrissof  foreign  authors  are  given  in  the  text  in  the 
Russian  script;  then  a  reference  to  the  work;  then  In  the  original  script  with  an 
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indication  of  the  year  of  ps&iicfition  of  fee  work,  for  example:  "OBepToH  (Overton, 
1S55)  observed  ..."  •  References  to  fee  mzit  of  several  authors  are  given  in 
chronological  order  of  publication  of  the  works,  for  esanple:  "many  authors 
(Zavargtn,  192?;  Eles,  1938;  Masoaov  and  Susdal'skeya,  1948;  Khlopan,  1954,  and 
others)  described 

e.  Kotas  shotJld  be  nua&erad  in  a  continuously  Increasing  manner 
throu^out  the  article.  The  bibliography  quoted  is  gir'en  m  a  list  at  the  end 
of  the  article.  In  the  bibliography  only  wvirks  are  Included  vdrlch  are  mentioned 
in  the  text  of  the  srtlcle.  .411  the  articles  of  work  mentioned  in  the  test  should 
be  presented  in  the  bibliographic  list.  In  tha  bibliography  the  Russian-literature 
felfeliogr’aphy  is  given  first  In  alphabetical  order,  and  then  the  foreign  literatur 
The  work  of  a  Russian  atithor,  published  in  a  foreign  Isnguaga,  Is  included  In  the 
list  of  works  In  the  Russian  language,  and  in  parenthseea  the  last  name  and 
initials  of  the  author  are  given  -in  Russian  before  giving  them  in  foreign  script. 

9.  Hvi  bibliogrspby  is  formulated  in  the  following  way:  a)  for 
books  following  the  last  na.-a®  and  initials  of  the  author  the  year  of  publlcatio.-: 
the  complete  n&ss  of.  the  book' and  the  place  of  publication  are  given,  for  example: 


tm&tziti.  A. A.  1945. 
Connective  Tissue", 
and  initials  of  tha 


"Outlinas  of  Evolutionary  Histology  of  the  Blood  and 
Ho  1,  Moscow.  b>  for  articles  -  following  the  last  name 

author  corns  the  year,  feen  the  nssjse  of  the  article,  then 

written 


the  name  of  the  journal  or  collection,  volume  (Ho  of  volume  is 

in  heavT.  print),  the  Ho  or  issue  and  the  page,  for  example:  Fenn  H.  and  Baege  L 


1942.  The  Penetration  of  Magr^sitjan  irk  to  Frog  Muacle.  J.  cell,  comp,  physiol. , 

19,  1:37-4*. 

ID.  Figures  should  be  made  clearly.  T..iey  ate  attached  to  the 

article  in  a  separate  folder.  Photographic  filnss  are  sent  In  two  copies  on  white 

glossy  paper.  The  talcrophotographs  Should  have  rectangular  outlines.  The  scale 

Is  given  for  the  microscopic  illustrations,  and  In  the  explanation  for  the  figures 

mention  is  made  of  the  objectives;  and  the  ocular  mstdi,  Ail  designations  are 

inscribed  on  a  single  copy  of*  photographic  film;  a  second  copy  remains  without 

writing.  Superscripts  for  the  figures  are  replaced  by  flg^ires  or  letters  as  much 

as  possible,  and  the  slgnificmce  of  these  is  given  in  the  subscripts  to  tiie  figure. 

last 

On  the  back  of  the  figure  the  author •s/n^n®,  the  title  of  the  article,  the  number 
^nd  the  reduction  of  the  figure  desired  are  indicated  In  pencil. 

11.  Tables  and  figures  should  ordinal  nxmhexB  to  which 

columng 

reference  may  be  made  in  the  text  of  the  article.  All  the  in  the  tables 

and  the  tables  themselves  should  be  supplied  with  headings;  word  mz  abbreviations 
In  the  table  are  not  penaltted. 

12.  In  the  text  and  the  bibliography  use  should  be  made  of  accepted 
abbreviations  for  various  words,  units  of  measurement,  titles  of  journals,  etc., 
the  list  of  which  is  given  In  the  reference  book  **Fodgotovka  nikopisi  k  naboru*’ 
/£reparation  of  a  Manuscript  for  PrlntiiJs?  (Moscow,  published  by  the  Academy  of 
Sciences  USSR,  19 5S). 

13.  The  editorial  staff  reserves  the  rl^t  to  abbreviate  articles 
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„d  to  intatt  edltotl.!  dlrootlou.,  of  tot  obt.inlos  tho  .gtofo.tt  of  tho  .uthot 

to  the  Changes. 

«.  I».t««I  of  .*!.«  ootreotfoos  tbs  aothoto  m.y  .  dOfUctte 

of  tho  .«.o.orfpt  bolog  ptopotod  fot  ptiotlos  fot  tl»  porposo  of  obocbiog  0»d 
cottootlop,  ottorti  «  obonsoo  ot  .dditfon.  .re  i»™lttod.  The  dupllcete  of  the 


.moecrlot  co-.t.toins  the  ehtiot'li  slghhtul. 


end  the  date  on  which  it  is  signed 


shooU  be  t.Bt  bee',  to  the  odltotlel  .t.ff  »lthl»  t«.  doy.  eftet  It  h.o  beOh 


r€f.ceiv«!;d.. 


15.  On  »t.«ming  a  manuscript  to  the  anfeot  for  revision  the  date 


on  ^^iich  it  errtved  is  kept  Eh®  same  for  two  mouths 


ng  an  article  a  single  copy  of  the  manuscript  may  be 


U,  In  rejecting  an  article  a  S5.ngi.e  .ft.  ......  -  . 

n.  Toe  of  the  .dtto.-  1.  tbo  follovlos:  loolhsthd.  t-ia . 

pt.  32;  edttorl.1  .toff  of  th.  looto.l  lsit<>l2ffiS.  T-loPbo^  0-1-51-67 

Twfortmtlen  forjfe®  Authors  ^  ,  . 

.  BsKlmlng  SrfllferoB  tes  been  Introtecsd  In 


the  imTm.1  fsitologjas  Brief  Seports 


la  this  seetloni 
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